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may not be mapped , based on an Indication provided within a 

POSCH overlap indicator signal 

-604 Provide the generated POSCH resource set configuration Signal 
from the processing circuit to a UE associated therewith , via a 
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user equipment ( UE ) , in order to enable the UE to identify 
the one or more overlap resource sets . 
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-600 

-602 

Generate a physical downlink shared channel ( PDSCH ) 
resource set configuration signal comprising information on one 
or more overlap resource sets , at a processing circuit , wherein 
each of the one or more overlap resource sets comprises time 
frequency resources on which any overlapping PDSCH may or 
may not be mapped , based on an indication provided within a 

PDSCH overlap indicator signal 

604 Provide the generated PDSCH resource set configuration signal 
from the processing circuit to a UE associated therewith , via a 

transceiver circuitry 

606 
Generate a rate - matched resource set configuration signal 

comprising information on a plurality of rate - matched resource 
sets , at the processing circuit , wherein each of the plurality of 

rate - matched resource sets comprises time - frequency 
resources on which any overlapping PDSCH may not be 

mapped 

608 Provide the generated rate matched resource set configuration 
signal from the processing circuit to a UE associated therewith , 

via the transceiver circuitry 

610 Generate the PDSCH overlap indicator signal comprising 
information on a set of overlap resource sets within the one or 
more overlap resource sets on which the overlapping PDSCH 

may be mapped at the processing circuit 

-612 Provide the generated PDSCH overlap indicator signal from the 
processing circuit to a UE associated therewith , via the 

transceiver circuitry 
? 

FIG . 6 
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-700 

Process a physical downlink shared channel ( PDSCH ) resource 
set configuration signal received from a gNodeB at a processing 
circuit , wherein the PDSCH resource set configuration signal 
comprises information on one or more overlap resource sets , 

wherein each of the one or more overlap resource sets 
comprises time - frequency resources on which any overlapping 
PDSCH may or may not be mapped , based on an indication 

provided within a PDSCH overlap indicator signal 

702 

-704 } 

Process a PDSCH overlap indicator signal , received from the 
gNodes , at the processing circuit , wherein the PDSCH overlap 

indicator signal comprises information on a set of overlap 
resource sets within the one or more overlap resource sets on 
which the overlapping PDSCH may be mapped , in order to 

identify the set of overlap resource sets on which any 
overlapping PDSCH may be mapped 

706 Process a rate - matched resource set configuration signal , 
received from the gNodeB , at the processing circuit , wherein the 

rate - matched resource set configuration signal comprises 
information on a plurality of rate - matched resource sets , wherein 
each of the plurality of rate - matched resource sets comprises 
time - frequency resources that are to be rate - matched for any 

overlapping PDSCH 

FIG . 7 
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800 

3 

Configure a shortened physical downlink control channel 
( SPDCCH ) resource set comprising a plurality of time - frequency 
resources , at a processing circuit , wherein the plurality of time 
frequency resources is grouped into a plurality of short resource 
element groups ( SREGS ) and wherein each of the plurality of 

SREGS is identified by a corresponding SREG number 

802 

804 Configure a plurality of shortened control channel elements 
( SCCES ) identified by a respective plurality of SCCE numbers 

within the SPDCCH resource set , at the processing circuit , each 
SCCE comprising a set of SREGs of the plurality of SREGs , based 
on grouping the plurality of SREGs by utilizing an information of the 
resource signal type associated with the SPDCCH resource set , in 

accordance with a predefined SCCE relation 

806 
Configure one or more SPDCCH candidates within the SPDCCH 
resource set , at the processing circuit , each SPDCCH candidate 
comprising one or more SCCEs of the plurality of SCCEs , based 
on an information of the resource signal type and an aggregation 
level associated with the SPDCCH resource set , in accordance 

with a predefined SPDCCH candidate relation 

808 Generate a DCI and map the DCI to a select SPDCCH candidate 
of the one or more SPDCCH candidates , at the processing circuit , 
wherein the DCI is mapped to the select SPDCCH candidate in an 

increasing order of first the SCCE number and then the SREG 
number 

810 

Provide the generated DCI from the processing circuit to a 
transceiver circuit , for subsequent transmission to a UE . FIG . 8 
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900 

Determine one or more shortened physical downlink 
control channel ( SPDCCH ) candidates to be utilized by the UE to 
receive a downlink control information ( DCI ) from a gNodeB 
associated therewith for shortened transmission time interval 
( STTI ) operations , at a processing circuit , based on an information 
of an aggregation level of an associated SPDCCH resource set ; 

902 

904 
Determine one or more shortened control channel elements 
( SCCEs ) associated with each of the one or more SPDCCH 

candidates , at the processing circuit , based on an information of a 
reference signal type and the aggregation level of the associated 
SPDCCH resource set , in accordance with a predefined SPDCCH 

candidate relation 

-906 
Determine a set of shortened resource element groups ( SREGS ) 
associated with each of the one or more SCCEs associated with 
the one or more SPDCCH candidates , at the processing circuit , 

based on an information of the reference signal type the 
associated SPDCCH resource set , in accordance with a predefined 

SCCE relation , in order to enable the UE to monitor the one or 
more SPDCCH candidates to receive the DCI 

908 Process the DCI received on a select SPDCCH candidate 
from the gNodes , at the processing circuit , wherein the DCI is 
mapped to the select SPDCCH candidate in an increasing order of 
first the SCCE number and then the SREG number 

FIG . 9 
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DOWNLINK CONTROL CHANNEL DESIGN FIG . 7 illustrates a flow chart of a method for a user 
IN NEW RADIO SYSTEMS equipment ( UE ) in a new radio ( NR ) system that support 

resource sharing , according to one embodiment of the dis 
REFERENCE TO RELATED APPLICATION closure . 

FIG . 8 illustrates a flow chart of a method for a gNodeB 
This application is a continuation of U.S. application Ser . in a new radio ( NR ) system that support shortened trans 

No. 16 / 126,260 filed on Sep. 10 , 2018 , the contents of which mission time interval ( sTTI ) operations , according to one 
are incorporated by reference in their entirety . embodiment of the disclosure . 

FIG . 9 illustrates a flow chart of a method for a user 
FIELD 10 equipment ( UE ) in a new radio ( NR ) system that supports 

shortened transmission time interval ( sTTI ) operations , 
The present disclosure relates to new radio ( NR ) systems , according to one embodiment of the disclosure . 

and in particular , to a system and method for downlink FIG . 10 illustrates example components of a device , in 
control channel design in NR systems . accordance with some embodiments . 

FIG . 11 illustrates example interfaces of baseband cir 
BACKGROUND cuitry in accordance with some embodiments . 

15 

Mobile communication has evolved significantly from DETAILED DESCRIPTION 
early voice systems to today's highly sophisticated inte 
grated communication platform . The next generation wire- 20 In one embodiment of the disclosure , an apparatus con 
less communication system , 5G , or new radio ( NR ) will figured to be employed in a next generation Node B 
provide access to information and sharing of data anywhere , ( gNodeB ) associated with a new radio ( NR ) communication 
anytime by various users and applications . NR is expected system is disclosed . The apparatus comprises a processing 
to be a unified network / system that target to meet vastly circuit configured to generate a physical downlink shared 
different and sometime conflicting performance dimensions 25 channel ( PDSCH ) dynamic rate matching resource set con 
and services . Such diverse multi - dimensional requirements figuration signal comprising information on one or more 
are driven by different services and applications . A range of overlap resource sets . In some embodiments , each the one or 
new applications such as connected industrial plants or more overlap resource sets comprises time - frequency 
vehicular communications , remote surgery is characterized resources on which any overlapping PDSCH may or may 
with the need for reliable real - time communication with 30 not be mapped , based on an indication provided within a 
high requirements on latency . In general , NR will evolve PDSCH rate matching indicator signal . The apparatus fur 
based on 3GPP LTE - Advanced with additional potential ther comprises a radio frequency ( RF ) interface , configured 
new Radio Access Technologies ( RAT ) to enrich people to provide the generated PDSCH dynamic rate matching 
lives with better , simple and seamless wireless connectivity resource set configuration signal , to an RF circuitry , in order 
solutions . NR will enable everything connected by wireless 35 to subsequently provide the PDSCH dynamic rate matching 
and deliver fast , rich contents and services . resource set configuration signal to a user equipment ( UE ) , 

in order to enable the UE to identify the one or more overlap 
BRIEF DESCRIPTION OF THE DRAWINGS resource sets . 

In one embodiment of the disclosure , an apparatus con 
Some examples of circuits , apparatuses and / or methods 40 figured to be employed in a user equipment ( UE ) associated 

will be described in the following by way of example only . with a new radio ( NR ) communication system is disclosed . 
In this context , reference will be made to the accompanying The apparatus comprises a radio frequency ( RF ) interface , 
Figures . configured to receive a physical downlink shared channel 
FIG . 1 illustrates a simplified block diagram of a new ( PDSCH ) dynamic rate matching resource set configuration 

radio ( NR ) communication system that support resource 45 signal , from a next generation Node B ( gNodeB ) associated 
sharing between NR physical downlink shared channel therewith , wherein the PDSCH dynamic rate matching 
( PDSCH ) and NR physical downlink control channel resource set configuration signal comprises information on 
( PDCCH ) , according to one embodiment of the disclosure . one or more overlap resource sets . In some embodiments , 
FIG . 2 illustrates a simplified block diagram of a new each of the one or more overlap resource sets comprises 

radio ( NR ) communication system that supports shortened 50 time - frequency resources on which any overlapping PDSCH 
transmission time interval ( sTTI ) operations , according to may or may not be mapped , based on an indication provided 
one embodiment of the disclosure . within a PDSCH rate matching indicator signal . In some 
FIG . 3a illustrates an example SPDCCH resource set , embodiments , the apparatus further comprises a processing 

according to one embodiment of the disclosure . circuit configured to process the PDSCH dynamic rate 
FIG . 3b illustrates mapping of modulated symbols of 55 matching resource set configuration signal , in order to 

downlink control information ( DCI ) to SPDCCH candi- identify the one or more overlap resource sets . 
dates , according to one embodiment of the disclosure . In one embodiment of the disclosure , an apparatus con 
FIG . 4 illustrates a block diagram of an apparatus employ- figured to be employed in a next generation Node B 

able at a Base Station ( BS ) , eNodeB , gNodeB or other ( gNodeB ) associated with a new radio ( NR ) communication 
network device , according to various aspects described 60 system is disclosed . The apparatus comprises a processing 
herein . circuit configured to configure a shortened physical down 
FIG . 5 illustrates a block diagram of an apparatus employ- link control channel ( SPDCCH ) resource set comprising a 

able at a user equipment ( UE ) or other network device ( e.g. , plurality of time - frequency resources , wherein the plurality 
IoT device ) , according to various aspects described herein . of time - frequency resources is grouped into a plurality of 
FIG . 6 illustrates a flow chart of a method for a gNodeB 65 short resource element groups ( SREGs ) and wherein each of 

in a new radio ( NR ) system that support resource sharing , the plurality of SREGs is identified by a corresponding 
according to one embodiment of the disclosure . SREG number . In some embodiments , the processing circuit 
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is further configured to configure a plurality of shortened Further , these components can execute from various com 
control channel elements ( SCCEs ) identified by a respective puter readable storage media having various data structures 
plurality of SCCE numbers within the SPDCCH resource stored thereon such as with a module , for example . The 
set , each SCCE comprising a set of SREGs of the plurality components can communicate via local and / or remote pro 
of SREGs , based on grouping the plurality of SREGs by cesses such as in accordance with a signal having one or 
utilizing an information of the resource signal type associ more data packets ( e.g. , data from one component interact 
ated with the SPDCCH resource set , in accordance with a ing with another component in a local system , distributed 
predefined SCCE relation . In addition , in some embodi system , and / or across a network , such as , the Internet , a local 
ments , the processing circuit is further configured to con area network , a wide area network , or similar network with 
figure one more SPDCCH candidates within the 10 other systems via the signal ) . 

As another example , a component can be an apparatus SPDCCH resource set , each SPDCCH candidate comprising with specific functionality provided by mechanical parts one or more SCCEs of the plurality of SCCEs , based on an 
information of the resource signal type and an aggregation operated by electric or electronic circuitry , in which the 

electric or electronic circuitry can be operated by a software level associated with the SPDCCH resource set , in accor 15 application or a firmware application executed by one or 
dance with a predefined SPDCCH candidate relation . In more processors . The one or more processors can be internal 
some embodiments , the one or more SPDCCH candidates or external to the apparatus and can execute at least a part of 
are to be utilized by the gNodeB to transmit downlink the software or firmware application . As yet another 
control information ( DCI ) to a user equipment ( UE ) asso- example , a component can be an apparatus that provides 
ciated therewith for shortened transmission time interval 20 specific functionality through electronic components with 
( STTI ) operations . out mechanical parts ; the electronic components can include 

In one embodiment of the disclosure , an apparatus con- one or more processors therein to execute software and / or 
figured to be employed in a user equipment ( UE ) associated firmware that confer ( s ) , at least in part , the functionality of 
with a new radio ( NR ) communication system is disclosed . the electronic components . 
The apparatus comprises a processing circuit configured to 25 Use of the word exemplary is intended to present concepts 
determine one or more shortened physical downlink control in a concrete fashion . As used in this application , the term 
channel ( SPDCCH ) candidates to be utilized by the UE to “ or ” is intended to mean an inclusive “ or ” rather than an 
receive a downlink control information ( DCI ) from a next exclusive “ or ” . That is , unless specified otherwise , or clear 
generation Node B ( gNodeB ) associated therewith for short- from conte8 , “ X employs A or B ” is intended to mean any 
ened transmission time interval ( STTI ) operations , based on 30 of the natural inclusive permutations . That is , if X employs 
an information of an aggregation level of an associated A ; X employs B ; or X employs both A and B , then “ X 
SPDCCH resource set . In some embodiments , the process- employs A or B ” is satisfied under any of the foregoing 
ing circuit is further configured determine one or more instances . In ad on , the articles " a " and " an " as used in 
shortened control channel elements ( SCCEs ) associated this application and the appended claims should generally be 
with each of the one or more SPDCCH candidates , based on 35 construed to mean “ one or more ” unless specified otherwise 
an information of a reference signal type and the aggregation or clear from conte8 to be directed to a singular form . 
level of the associated SPDCCH resource set , in accordance Furthermore , to the event that the terms “ including ” , 
with a predefined SPDCCH candidate relation . In addition , “ includes ” , “ having ” , “ has ” , “ with ” , or variants thereof are 
in some embodiments , the processing circuit is further used in either the detailed description and the claims , such 
configured to determine a set of shortened resource element 40 terms are intended to be inclusive in a manner similar to the 
groups ( SREGs ) associated with each of the one or more term " comprising . " 
SCCEs associated with the one or more SPDCCH candi- The following detailed description refers to the accom 
dates , based on an information of the reference signal type panying drawings . The same reference numbers may be used 
the associated SPDCCH resource set , in accordance with a in different drawings to identify the same or similar ele 
predefined SCCE relation , in order to enable the UE to 45 ments . In the following description , for purposes of expla 
monitor the one or more SPDCCH candidates to receive the nation and not limitation , specific details are set forth such 
DCI . as particular structures , architectures , interfaces , techniques , 

The present disclosure will now be described with refer- etc. in order to provide a thorough understanding of the 
ence to the attached drawing figures , wherein like reference various aspects of various embodiments . However , it will be 
numerals are used to refer to like elements throughout , and 50 apparent to those skilled in the art having the benefit of the 
wherein the illustrated structures and devices are not nec- present disclosure that the various aspects of the various 
essarily drawn to scale . As utilized herein , terms " compo- embodiments may be practiced in other examples that depart 
nent , ” “ system , ” “ interface , " " circuit ” and the like are from these specific details . In certain instances , descriptions 
intended to refer to a computer - related entity , hardware , of well - known devices , circuits , and methods are omitted so 
software ( e.g. , in execution ) , and / or firmware . For example , 55 as not to obscure the description of the various embodiments 
a component can be a processor ( e.g. , a microprocessor , a with unnecessary detail . 
controller , or other processing device ) , a process running on As indicated above , NR is designed to enable everything 
a processor , a controller , an object , an executable , a pro- connected by wireless and deliver fast , rich contents and 
gram , a storage device , a computer , a tablet PC and / or a user services . In particular , NR is intended to provide reliable 
equipment ( e.g. , mobile phone , etc. ) with a processing 60 real - time communication with very low latency . In order to 
device . By way of illustration , an application running on a enable reliable communication in 5G , various physical chan 
server and the server can also be a component . One or more nels ( e.g. , control channels , transport channels etc. ) are 
components can reside within a process , and a component defined . In particular , a physical downlink control channel 
can be localized on one computer and / or distributed between ( PDCCH ) is defined that comprises a control channel that 
two or more computers . A set of elements or a set of other 65 carries control information about the data being transmitted 
components can be described herein , in which the term “ set ” on a current subframe and information about the resources 
can be interpreted as “ one or more . ” which a user equipment ( UE ) need to use for sending uplink 
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data . In some embodiments , it is mandatory for the UE to within a serving cell when provided by ServingCellConfig 
decode the PDCCH successfully for sending data to a next Common , a pair of reserved resources with numerology 
generation Node B ( gNodeB ) or receive data from the provided by higher layer parameter subcarrierSpacin given 
gNodeB . In some embodiments , the PDCCH carries a by Rate Match Pattern when configured per serving cell or by 
message called downlink control information ( DCI ) which 5 numerology of associated BWP when configured per BWP . 
includes resource assignments for a UE or a group of UEs . In some embodiments , the plurality of rate - matched 
Further , a physical downlink data channel ( PDSCH ) is resource sets comprises time - frequency resources ( e.g. , 
defined that comprises a transport channel used for the resource elements ) on which any overlapping physical 
transmission of user data , dedicated control and user - spe- downlink shared channel ( PDSCH ) may not be mapped . In 
cific higher layer information and downlink system infor- 10 some embodiments , the plurality of rate - matched resource 
mation . sets are indicated within the rate - matched resource set 

With the increased demand for reliable communication , configuration signal 106 by a resource block ( RB ) level 
efficient utilization of resources allocated for the various bitmap ( higher layer parameter resourceBlocks given by 
physical channels is important . In order to enable efficient RateMatchPattern ) with 1RB granularity and a symbol level 
utilization of the resources allocated for the physical chan- 15 bitmap spanning one or two slots ( higher layer parameters 
nels , in one embodiment , a system and a method that enables symbolsInResourceBlock given by RateMatchPattern ) for 
semi - static and dynamic sharing of physical resources which the reserved RBs apply . In some embodiments , a bit 
between PDCCH and PDSCH in NR is proposed herein . value equal to 1 in the RB and symbol level bitmaps 
Further , in order to explore the viability of using radio indicates that the corresponding resource is not available for 
technology for applications that have high requirements on 20 PDSCH . For each pair of RB and symbol level bitmaps , a 
latency , in some embodiments , a shortened transmission UE may be configured with a time - domain pattern ( higher 
time interval ( STTI ) operation that utilizes an STTI is layer parameter periodicity AndPattern given by RateMatch 
utilized . The sTTI is implemented by splitting a 1 ms Pattern ) , where each bit of periodicityAndPattern corre 
subframe or TTI with duration shorter than a subframe . In sponds to a unit equal to a duration of the symbol level 
some embodiments , the STTI is referred to as a mini - slot . 25 bitmap , and bit value equal to 1 indicates that the pair is 
The design of shortened physical downlink control channel present in the unit . In some embodiments , the plurality of 
( SPDCCH ) search space for sTTI operations is important rate - matched resource sets comprises a control resource set 
with respect to overhead , efficiency , reliability , robustness , ( CORESET ) . In some embodiments , CORESET comprises 
and complexity . In some embodiments , the SPDCCH search predefined resource sets configured to carry NR PDCCH . In 
space indicates a set of possible locations where the 30 such embodiments , the CORESET is identified within the 
SPDCCH candidates may be located within the STTI . rate - matched resource set configuration signal 106 by using 
Therefore , in another embodiment , a method and a system a frequency domain resource of a CORESET with control 
for SPDCCH search space design that enables SPDCCH ResourceSetId and time domain resource determined by the 
candidates to provide improved SPDCCH performance is higher layer parameters monitoringSlotPeriodicity AndOff 
proposed . 35 set , duration and monitoringSymbols WithinSlot of search 

FIG . 1 illustrates a simplified block diagram of a new space - sets configured by SearchSpace and time domain 
radio ( NR ) communication system or a Long Term Evolu- resource of search - space - set zero configured by pdcch 
tion ( LTE ) or LTE - Advanced system 100 that support ConfigSIB1 or searchSpaceZero associated with the CORE 
resource sharing between NR or LTE physical downlink SET with a controlResourceSetId.as well as CORESET 
shared channel ( PDSCH ) and NR or LTE physical downlink 40 duration configured by ControlResourceSet with controlRe 
control channel ( PDCCH ) , according to one embodiment of sourceSetld . In some embodiments , the UE 104 is config 
the disclosure . In some embodiments , NR / LTE communi- ured to receive and process the rate - matched resource set 
cation system 100 comprises 5G systems . The NR / LTE configuration signal 106 , in order to identify the one or more 
communication system 100 comprises a new generation rate - matched resource sets . 
Node B ( gNodeB ) or evolved Node B ( NB ) 102 and a user 45 In some embodiments , the gNodeB 102 is further con 
equipment 104 configured to communicate with one another . figured to generate a physical downlink shared channel 
However , in other embodiments , the NR or LTE communi- ( PDSCH ) dynamic rate matching resource set configuration 
cation system 100 may comprise a plurality of gNodeBs / signal 108 , comprising information on one or more overlap 
eNBs and UEs configured to communicate with one another . resource sets ( given by higher layer parameters rateMatch 
Hereinafter , unless explicitly mentioned , the term of 50 PatternGroup1 and rateMatchPatternGroup2 ) , and provide 
“ gNodeB ” represents both “ gNodeBs and eNBs or eNo- the PDSCH dynamic rate matching resource set configura 
deBs ” without loss of the generality . In some embodiments , tion signal 108 to the UE 104 , in order to enable the UE 104 
the NR / LTE communication system 100 is configured to to identify the one or more overlap resource sets , or con 
support semi - static and dynamic sharing of physical figure the UE 104 with the one or more overlap resource 
resources between NR / LTE PDCCH and NR / LTE PDSCH . 55 sets . In some embodiments , each the one or more overlap 
In some embodiments , the gNodeB 102 is configured to resource sets comprises time - frequency resources ( e.g. , 
generate a rate - matched resource set configuration signal resource elements ) on which any overlapping PDSCH may 
106 ( e.g. , PDSCH - Config for each bandwidth part ( BWP ) or or may not be mapped , based on an indication provided 
ServingCellConfigCommon for a cell ) , comprising informa- within a PDSCH rate matching indicator signal 110. In other 
tion on a plurality of rate - matched resource sets , rateMatch- 60 words , the one or more overlap resource sets comprises 
Pattern To AddModList ( each rate - matched resource set iden- time - frequency resources on which any overlapping PDSCH 
tified by a Rate MatchPattern ) , and provide the rate - matched may be dynamically mapped based on an indication received 
resource set configuration signal 106 to the UE 104 , in order via further signaling ( e.g. , layer 1 signaling ) . In some 
to enable the UE 104 to identify the plurality of rate - matched embodiments , the PDSCH dynamic rate matching resource 
resource sets , or configure the UE 104 with the plurality of 65 set configuration signal 108 comprises a bitmap wherein 
rate - matched resource sets . In some embodiments , the each bit identifies an overlap resource set and provides an 
Rate Match Pattern when provided by PDSCH - Config or indication that the corresponding overlap resource set can be 
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reused for PDSCH mapping subject to further signaling . In comprised within the PDSCH dynamic rate matching 
some embodiments , the length of the bitmap can be corre- resource set configuration signal 108 and the plurality of 
sponding to the length of the rate - matched resource sets rate - matched resource sets comprised within the rate 
indicated in the rate - matched resource set configuration matched resource set configuration signal 106. In such 
signal 106 or could be equal to a maximum length depending 5 embodiments , the gNodeB 102 may be configured to gen 
on maximum number of rate - matched resource sets that can erate and provide the PDSCH dynamic rate matching 
be configured in the rate - matched resource set configuration resource set configuration signal 108 to the UE 104 , even 
signal 106. In one example embodiment , the configured without signaling the rate - matched resource set configura 
group rateMatchPatternGroup1 or rateMatchPatternGroup2 tion signal 106 to the UE 104 . 
contains a list of RB and symbol level resource set indices 10 In some embodiments , the gNodeB 102 is further con 
forming a union of resource - sets ( i.e. , the one or more figured to generate the PDSCH rate matching indicator 
overlap resource sets ) not available for PDSCH dynamically signal 110 and provide the generated PDSCH rate matching 
if a corresponding bit of a Rate matching indicator field of indicator signal 110 to the UE 104. In some embodiments , 
DCI format 1_1 scheduling the PDSCH ( e.g. , PDSCH rate the PDSCH rate matching indicator signal 110 comprises 
matching indicator signal 110 ) is equal to 1. The RES 15 information on a set of overlap resource sets within the one 
corresponding to the union of configured RB - symbol level or more overlap resource sets ( included within the PDSCH 
resource - sets that are not included in either of the two groups dynamic rate matching resource set configuration signal 
are not available for PDSCH scheduled by DCI format 1_1 . 108 ) on which the overlapping PDSCH may be mapped . In 

In some embodiments , a UE's own CORESET or a other words , the PDSCH rate matching indicator signal 110 
CORESET configured to the UE is included within the one 20 provides a dynamic sharing indication of one or more 
or more overlap resource sets ( given by higher layer param- overlap resource sets within the PDSCH dynamic rate 
eters rateMatchPatternGroup land rate Match PatternGroup2 ) matching resource set configuration signal 108. In some 
associated with the PDSCH dynamic rate matching resource embodiments , the PDSCH rate matching indicator signal 
set configuration signal 108. In the embodiments described 110 comprises a layer 1 signal . In some embodiments , the 
throughout the disclosure , the term UE's own CORESET 25 PDSCH rate matching indicator signal 110 comprises a UE 
refers to a CORSET configured to the UE . In some embodi- specific downlink control information ( DCI ) on an NR 
ments , the UE's own CORESET comprises a UE - specific PDCCH . In some embodiments , the UE specific DCI com 
CORESET comprising one or more UE - specific PDCCHS prises scheduling information for a unicast PDSCH . In some 
configured to carry UE specific DCI . In some embodiments , embodiments , common DCI scheduling any common con 
the UE 104 is further configured to receive and process the 30 trol messages is not utilized for providing dynamic sharing 
PDSCH dynamic rate matching resource set configuration indication , in order to minimize the DCI format size for 
signal 108 received from the gNodeB 102 , in order to common DCI . In some embodiments , the UE 104 is further 
identify the one or more overlap resource sets . In some configured to receive and process the PDSCH rate matching 
embodiments , the rate - matched resource set configuration indicator signal 110 received from the gNodeB 102 , in order 
signal 106 and the PDSCH dynamic rate matching resource 35 to identify the set of overlap resource sets within the one or 
set configuration signal 108 comprises radio resource con- more overlap resource sets ( included within the PDSCH 
trol ( RRC ) signals or higher layer signals . For example , in dynamic rate matching resource set configuration signal 
some embodiments , the rate - matched resource set configu- 108 ) on which the overlapping PDSCH may be mapped . 
ration signal 106 and the PDSCH dynamic rate matching In some embodiments , the PDSCH rate matching indica 
resource set configuration signal 108 may be provided to the 40 tor signal 110 or the UE - specific DCI comprises a bitmap 
UE 104 based on UE - specific RRC signaling ( PDSCH- filed , Rate matching indicator , comprising a plurality of bits 
Config ) or cell - specific RRC signaling ( ServingCellConfig- ( e.g. , 1 , 2 or 3 bits ) , wherein each bit corresponds to an 
Common ) or a combination thereof . In particular , in some overlap resource set identified within the PDSCH dynamic 
embodiments , the PDSCH dynamic rate matching resource rate matching resource set configuration signal 108 ( indi 
set configuration signal 108 comprises a UE - specific RRC 45 cated by higher layer parameters rate MatchPattern or 
signal . Further , in some embodiments , the rate - matched rate Match PatternGroup1 and rate MatchPatternGroup2 ) and 
resource set configuration signal 106 comprises a UE- potentially the UE's own CORESETs if not explicitly con 
specific radio resource control ( RRC ) signal or a cell- figured via the PDSCH dynamic rate matching resource set 
specific RRC signal . In some embodiments , the cell - specific configuration signal 108 and the rate - matched resource set 
RRC signal may include one or more of Remaining Mini- 50 configuration signal 106. In some embodiments , this indi 
mum System Information ( RMSI ) and Other System Infor- cator is only present in DCI format 1_1 that may only be 
mation ( OSI ) . In some embodiments , RMSI comprises sys- used for unicast PDSCH using cell radio network temporary 
tem information block type 1 ( SIB1 ) and OSI comprises identifier ( C - RNTI ) , i.e. , not for scheduling of PDSCH for 
SIBx ( x > 1 ) . other purposes ( e.g. , using other RNTIS ) . In some embodi 

In some embodiments , the one or more overlap resource 55 ments , with varying number of resource sets , the bit - width 
sets comprised within the PDSCH dynamic rate matching of the bitmap field in the DCI may change , leading to 
resource set configuration signal 108 is a subset of the multiple DCI format sizes that could potentially increase 
plurality of rate - matched resource sets comprised within the UE's blind decoding ( BD ) efforts . To address this , in some 
rate - matched resource set configuration signal 106. In such embodiments , padding bits may be added to the bitmap field 
embodiments , the rate - matched resource set configuration 60 indicating dynamic resource sharing so that the DCI format 
signal 106 may be generated at the gNodeB 104 , prior to is size - matched to certain candidate values . Alternately , in 
generating the PDSCH dynamic rate matching resource set some embodiments , padding bits may be added to the 
configuration signal 108. However , in other embodiments , overall DCI format for the same purpose . In some embodi 
the rate - matched resource set configuration signal 106 and ments , the amount of padding bits to be added is determined 
the PDSCH dynamic rate matching resource set configura- 65 taking into consideration the granularity of DCI format sizes 
tion signal 108 may be configured independently with no supported in NR . For instance , unlike in long term evolution 
dependency between the one or more overlap resource sets ( LTE ) , wherein the DCI format sizes have a granularity of 1 
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bit , in NR , the granularity of DCI format sizes can be ing resource set configuration signal 108 may comprise the 
restricted to be greater than 1 bit , e.g. , 2 , 4 , or 8 bits . Further , set of CORESETs associated with the UE ( associated with 
in some embodiments , in order to reduce the number of the different TRPs ) . In other words , the PDSCH dynamic 
padding bits added , the various overlap resource sets are rate matching resource set configuration signal 108 may be 
grouped into resource set groups each resource set group 5 configured to support dynamic resource sharing associated 
comprising a plurality of overlap resource sets and each with different CORESETs carrying the respective PDCCHS 
resource set group is identified using the bits / padding bits . associated with different TRPs . In such embodiments , the 

In some embodiments , the one or more overlap resource PDSCH rate matching indicator signal 110 may comprise a 
sets comprised within the PDSCH dynamic rate matching first PDSCH rate matching indicator signal ( or a first DCI ) 
resource set configuration signal 108 comprises the UE's 10 associated with a first PDCCH and a second PDSCH rate 
own control resource set ( CORESET ) . In such embodi- matching indicator signal ( or a second DCI ) associated with 
ments , the PDSCH rate matching indicator signal 110 ( or the a second PDCCH . In some embodiments , the first DCI is 
DCI associated with the UE's own CORESET ) may be configured to indicate dynamic use of the resources only for 
configured to provide an indication that the PDSCH may be the resource set for first PDCCH ( in first CORESET ) . In 
mapped to resources associated with the UE's own CORE- 15 some embodiments , the first DCI is further configured to 
SET . In such embodiments , the UE 104 is configured to indicate that any overlapping PDSCH is to be assumed as 
assume that the PDSCH may be mapped to resources rate matched around the second resource set ( containing the 
associated with the UE's own CORESET except the second CORESET ) . 
resources of a scheduled physical downlink control channel In some embodiments , the UE 104 may be configured to 
( PDCCH ) carrying the DCI for the overlapping PDSCH 20 monitor a set of scheduled PDCCHs associated with a 
within the UE's own CORESET . respective set of different TRPs in a single CORESET . In 

In some embodiments , the plurality of rate - matched some embodiments , if the one or more overlap resource sets 
resource sets comprised within the rate - matched resource comprised in the PDSCH dynamic rate matching resource 
configuration signal 106 may comprise the UE's own set configuration signal 108 comprises the said CORESET , 
CORESET , however , the PDSCH dynamic rate matching 25 the PDSCH rate matching indicator signal 110 ( i.e. , first DCI 
resource set configuration signal 108 may not identify the and the second DCI ) associated with the corresponding 
UE's own CORESET . Further , in some embodiments , both scheduled PDCCHs is configured to provide an indication 
the plurality of rate - matched resource sets comprised within that the PDSCH may not be mapped to resources associated 
the rate - matched resource configuration signal 106 and the with the entire CORESET . In some embodiments , this 
PDSCH dynamic rate matching resource set configuration 30 feature enables to provide robustness against missed DCIs . 
signal 108 may not identify the UE's own CORESET . In Alternately , in some embodiments , if the one or more 
both the above embodiments , the UE 104 is configured to overlap resource sets comprised in the PDSCH dynamic rate 
assume that any overlapping PDSCH may be mapped to matching resource set configuration signal 108 comprises 
resources associated with the UE's own CORESET , except the said CORESET , the PDSCH rate matching indicator 
the resources of a scheduled physical downlink control 35 signal 110 ( i.e. , first DCI and the second DCI ) associated 
channel ( PDCCH ) carrying the DCI for the overlapping with the corresponding scheduled PDCCHs is configured to 
PDSCH within the UE's own CORESET . provide an indication if the overlapping PDSCH may or may 

In some embodiments , the one or more overlap resource not be mapped to resources associated with the said CORE 
sets comprised within the PDSCH dynamic rate matching SET , except the resources of the scheduled PDCCHs . Fur 
resource set configuration signal 108 comprises a common 40 ther , in some embodiments , if one or more CORESETs the 
CORESET with common DCI ( that the UE 104 is expected UE 104 is configured to monitor ( including UE's own 
to monitor and receive ) as well as a UE - specific DCI CORESET , common CORESET , CORESETs associated 
scheduling unicast PDSCH . In such embodiments , if the set with different TRPs etc. ) are not included in the PDSCH 
of overlap resource sets indicated within the PDSCH rate dynamic rate matching resource set configuration signal 108 
matching indicator signal 110 comprises the common DCI , 45 and the rate - matched resource set configuration signal 106 , 
the UE 104 is configured to assume that the overlapping the PDSCH rate matching indicator signal 110 ( e.g. , 
PDSCH is rate - matched around the scheduling PDCCH dynamic signaling ) may be configured to indicate the reuse 
carrying the UE - specific DCI as well as the PDCCH carry- of the resources associated with the one or more CORESETS 
ing the common DCI . In other words , the UE 104 is for overlapping PDSCH . 
configured to assume that the overlapping PDSCH may not 50 In some embodiments , when the UE 104 is configured 
be mapped to the resources associated with the scheduling with multiple downlink ( DL ) bandwidth parts ( BWPS ) and 
PDCCH as well as the PDCCH carrying the common DCI . dynamic switching between the multiple DL BWPs , the 
However , in other embodiments , the UE 104 may be con- PDSCH dynamic rate matching resource set configuration 
figured to assume that the overlapping PDSCH is rate- signal 108 and the rate - matched resource set configuration 
matched around the entire CORESET ( i.e. , the common 55 signal 106 are separately indicated to the UE for each of the 
CORESET ) . Alternately , in some other embodiments , the one or more DL BWPs configured to the UE . In some 
UE 104 may be configured to assume that the overlapping embodiments , a DL bandwidth part ( BWP ) comprises a 
PDSCH is rate - matched ( or may not be mapped ) around the subset of contiguous resource blocks ( RBs ) on a carrier . 
scheduling PDCCH only , based on a further indication Multiple bandwidth parts ( e.g. , up to 4 ) may be configured 
within the PDSCH rate matching indicator signal 110 . 60 in the UE for each of the uplink ( UL ) and downlink ( DL ) , 

In some embodiments , the UE 104 may be configured however , at a given time , only one bandwidth part is active 
with multi - transmission - reception point ( TRP ) operation for per transmission direction ( either UL or DL ) . Due to BWP 
PDSCH . In such embodiments , the UE 104 may be config- concept , UE can receive on narrow bandwidth part and when 
ured to monitor a set of scheduled PDCCHs associated with required network informs UE to switch on wider BW for 
a respective set of different TRPs in a set of different 65 reception . 
CORESETs . In such embodiments , one or more overlap In some embodiments , both the rate - matched resource set 
resource sets comprised in the PDSCH dynamic rate match- configuration signal 106 and the PDSCH dynamic rate 
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matching resource set configuration signal 108 are config- embodiments , the NR communication system 200 may 
ured to include information on one or more of a time - domain comprise a plurality of gNodeBs and UEs configured to 
granularity , a frequency - domain granularity and an associ- communicate with one another . In some embodiments , the 
ated periodicity of the resource sets associated therewith . In NR communication system 200 is configured to support 
some embodiments , in order to indicate the frequency 5 shortened or shorter transmission time interval ( sTTI ) opera 
domain resource configuration granularity , the rate - matched tion . The sTTI is implemented by splitting a 1 ms subframe 
resource set configuration signal 106 and the PDSCH or transmission time interval TTI with duration shorter than 
dynamic rate matching resource set configuration signal 108 a subframe . There are different sTTI configurations in the 
may include information on a resource block group ( RBG ) 3GPP LTE standard i.e. 2 - symbols and slot - based sTTI . In 
size associated with a plurality of bandwidth parts ( BWPs ) . 10 particular , 2 - symbols sTTIs in a subframe may consist of 2 
Further , in some embodiments , if the rate - matched resource symbols or 3 symbols . For sTTI operation , short resource 
set configuration signal 106 and the PDSCH dynamic rate element groups ( SREGs ) are used as basic block for defining 
matching resource set configuration signal 108 includes a the mapping of short control channels to resource elements 
CORESET , the rate - matched resource set configuration sig- ( REs ) . In some embodiments , one SREG is composed of all 
nal 106 and the PDSCH dynamic rate matching resource set 15 resource elements in a physical resource block in a given 
configuration signal 108 may be configured to include the OFDM symbol . The techniques described herein may be 
CORESET frequency - domain and time - domain configur- used for various wireless communication networks such as 
ability ( both contiguous and non - contiguous ) , given by the 3GPP Long Term Evolution ( LTE ) and 5G New Radio ( NR ) . 
parameters controlResourceSetId , monitoring SlotPeriodici- The terms “ shorten Transmission Time Interval ( sTTI ) ” , 
tyAndOffset and monitoringSymbols WithinSlot . In addi- 20 “ ( sub ) slot ” , “ subslot ” , “ mini - slot ” , and “ non - slot ” are used 
tion , in some embodiments , information on the physical interchangeably with the same definition . 
resource blocks ( PRBs ) ( indicated by higher layer parameter Hereinafter , the term of “ NR communication system ” is 
resourceBlocks given by RateMatchPattern ) associated with used to represent both “ LTE and NR communication sys 
the various resource sets ( both contiguous and non - contigu- tem ” . Also , unless explicitly mentioned , the term of 
ous or only contiguous via start and end - PRBs ) may be 25 “ gNodeB ” represents both “ gNodeBs and eNBs or eNo 
provided within the rate - matched resource set configuration deBs ” without loss of the generality . In some embodiments , 
signal 106 and the PDSCH dynamic rate matching resource the NR communication system 200 utilizes a short physical 
set configuration signal 108 to indicate the frequency downlink control channel ( SPDCCH ) for carrying schedul 
domain resource configuration granularity . ing assignments and other control information for the ( sub ) 

In some embodiments , in order to indicate the time- 30 slot - based physical downlink shared channel ( SPDSCH ) . In 
domain resource configuration granularity , the rate - matched some embodiments , the gNodeB 202 is configured to pro 
resource set configuration signal 106 and the PDSCH vide the SPDCCH to the UE 204 , in order to enable the UE 
dynamic rate matching resource set configuration signal 108 to decode the data carried in the SPDSCH . In some embodi 
may include information on symbol - level ( limited to first 3 ments , gNodeB 202 is configured to provide the SPDCCH 
symbols of a slot ( for slot - based ) ) , indicated by higher layer 35 to the UE 204 on a SPDCCH candidate comprising an 
parameters symbolslnResourceBlock given by RateMatch- aggregation of one or several consecutive short control 
Pattern . If dynamic sharing of symbol - level ( e.g. , for non- channel elements ( SCCEs ) . In some embodiments , the 
slot - based scheduling ) CORESETs is also supported , then gNodeB 202 is configured to configure / determine the 
the limitation to first 3 symbols of a slot should be relaxed SPDCCH candidate , prior to providing the SPDCCH to the 
to possibly all symbols in a slot or the first 10 or 12 symbols 40 UE 204. In order to configure the SPDCCH candidate , in 
in a slot . Further , in some embodiments , in order to indicate some embodiments , the gNodeB 202 is configured to con 
the time - domain resource configuration granularity , the rate- figure / define a shortened physical downlink control channel 
matched resource set configuration signal 106 and the ( SPDCCH ) resource set comprising a plurality of time 
PDSCH dynamic rate matching resource set configuration frequency resources . In some embodiments , the resource 
signal 108 may include a bitmap of symbol indices . In some 45 configuration associated with the SPDCCH resource set is 
embodiments , the resource sets included within the rate- indicated to the gNodeB 202 by higher layers . In some 
matched resource set configuration signal 106 and the embodiments , the SPDCCH resource set is further referred 
PDSCH dynamic rate matching resource set configuration to as a SPDCCH search space and can comprise a plurality 
signal 108 are configured with an associated periodicity , of SPDCCH candidates to be utilized to provide downlink 
such that at least periodicities in multiples of slots are 50 control information ( DCI ) to the UE 204. In some embodi 
supported . In some embodiments , the supported periodici- ments , the plurality of time - frequency resources within the 
ties include at least those supported for configuration of SPDCCH resource set is grouped into a plurality of short 
slot - level and symbol - level NR PDCCH CORESETs . In resource element groups ( SREGs ) . 
such embodiments , the rate - matched resource set configu- FIG . 3a illustrates an example SPDCCH resource set 300 , 
ration signal 106 and the PDSCH dynamic rate matching 55 according to one embodiment of the disclosure . The 
resource set configuration signal 108 may include informa- SPDCCH resource set 300 includes 25 SREGS over 2 
tion on the periodicities ( indicated by the higher layer symbols . Referring back to FIG . 2 again , in some embodi 
parameter periodicityAndPattern ) associated with the corre- ments , each of the plurality of SREGs within the SPDCCH 
sponding resource sets . resource set is identified by a corresponding SREG number 
FIG . 2 illustrates a simplified block diagram of a new 60 ( e.g. , SREG 302 identified by SREG number 6 in FIG . 3a ) . 

radio ( NR ) communication system 200 that supports short- In some embodiments , one SREG is composed of all 
ened transmission time interval ( sTTI ) operations , according resource elements in a physical resource block in a given 
to one embodiment of the disclosure . In some embodiments , orthogonal frequency division multiplexing ( OFDM ) sym 
NR communication system 200 comprises a 5G system . The bol . In some embodiments , the plurality of SREGs within 
NR communication system 100 comprises a new generation 65 the SPDCCH resource set are numbered based on a refer 
Node B ( gNodeB ) 202 and a user equipment 204 configured ence signal type associated with the SPDCCH resource set . 
to communicate with one another . However , in other For example , for demodulation reference signal ( DMRS ) 
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based SPDCCH transmission , the plurality of SREGs are with the SPDCCH resource set , in accordance with a pre 
numbered from 0 - NSREG - 1 , in an increasing order of first defined SPDCCH candidate relation . In some embodiments , 
time and then frequency ( e.g. , the SPDCCH resource set 300 the predefined SPDCCH candidate relation is a function of 
in FIG . 3a is DMRS - based ) , and for cell specific reference the reference signal type and the aggregation level L asso 
signal ( CRS ) based SPDCCH transmission , the plurality of 5 ciated with the SPDCCH resource set . For example , for 
SREGs are numbered from 0 - NSREG - 1 , in an increasing DMRS - based SPDCCH transmission when L = 1 , the 
order of first frequency and then time . In some embodi SPDCCH candidate relation is as given below : ments , the NS SREG comprises a number of SREGs within the 
SPDCCH resource set . 

In some embodiments , the gNodeB 202 is further con- 10 ( 2 ) 
figured to configure a plurality of shortened control channel = [ L { { 0p + D ] -i - l asce L.ML 
elements ( SCCEs ) within the SPDCCH resource set . In 
some embodiments , the plurality of SCCEs are identified by 
a respective plurality of SCCE numbers ( e.g. , SCCE 304 Further , for DMRS - based SPDCCH transmission when 
identified by the SCCE number 0 ) . In some embodiments , 15 L = 2 , 4 , 8 to enable SCCE - based distribution mapping 
each SCCE of the plurality of SCCEs within the SPDCCH assuming the application of DMRS bundling or SREGs 
resource set comprises a set of SREGs of the plurality of bundling for SPDCCH , the SPDCCH candidate relation is as 
SREGs . In some embodiments , the gNodeB 202 is config- given below : 
ured to define the plurality of SCCEs based on grouping the 
plurality of SREGs within the SPDCCH resource set , by 20 
utilizing an information of the resource signal type associ n = ( 0 , + m ) mod Nscce ] + il NSCCE ] ated with the SPDCCH resource set , in accordance with a 
predefined SCCE relation . In some embodiments , the pre 
defined SCCE relation is as given below : In some embodiments , the SPDCCH candidate relation 

y = NSREG n + j ( 1 ) given in equation ( 3 ) above is also applicable for DMRS 
based SPDCCH transmission when L = 1 . where y is the SREG number , NSREG is the number of Furthermore , CRS - based SPDCCH transmission , the SREGs with each SCCE , n is the SCCE number and j = 0 , 

1 , ... , NSREG E - 1 . In some embodiments , the SCCES SPDCCH candidate relation is as given below : 
available for transmission of SPDCCHs are numbered from 30 
0 to NSCCE - 1 ( i.e. , n = 0 to NSCCE - 1 ) , where Nscce is the 
total number of SCCEs within the SPDCCH resource set . NSCCE ( 4 ) z { 10 , + m ) mod In some embodiments , the number of SREGs with each 
SCCE , NSREG is predefined and is a function of the 
reference signal type associated with the SPDCCH resource 35 Where n is the SCCE number , Op is an offset value 
set . For example , for cell - specific reference signal ( CRS ) configured by higher layers for SPDC?H resource set , m is 
based SPDCCH transmission , the number of SREGs with the SPDCCH candidate number where m = 0 , 1 , . 
each SCCE , NSREG E = 4 . Further , for demodulation ref- i = 0 , . . . , L - 1 ; M is the maximum number of SPDCCH 
erence signal ( DMRS ) based SPDCCH transmission , where candidates for aggregation level ( AL ) L in SPDCCH 
SPDCCH spans 2 symbols , the number of SREGs with each 40 resource set , which is configured by higher layers and NSCCE 2 
SCCE , N. = 4 . However , for DMRS based SPDCCH is the total number of SCCEs within the SPDCCH resource 
transmission , where SPDCCH spans 3 symbols , the number 3 set . 
of SREGs with each SCCE , NSREG SCCE Referring back to FIG . 3a , it can be seen that , for 
depending on whether DMRS bundling or SREG bunding is aggregation level 1 , there are 4 SPDCCH candidates , each 
applied or not . In particular , for DMRS based SPDCCH 45 comprising one SCCE associated therewith . For example , 
transmission , where SPDCCH spans 3 symbols , the number 3 SPDCCH candidate 306 comprising SCCE with the SCCE 
of SREGs with each SCCE , N SC?E = 3 , when DMRS number 0 , SPDCCH candidate 308 comprising SCCE with 
bundling or SREG bunding is not applied . Further , for the SCCE number 3 , SPDCCH candidate 310 comprising 
DMRS based SPDCCH transmission , where SPDCCH SCCE with the SCCE number 6 and SPDCCH candidate 
spans 3 symbols , the number of SREGs with each SCCE , 50 312 comprising SCCE with the SCCE number 9. Similarly , 
NSREG SC?E = 6 , when DMRS bundling or SREG bunding is for aggregation level 2 , there are 2 SPDCCH candidates , 
applied . In some embodiments , the term or operation each comprising 2 SCCEs associated therewith . For 
“ DMRS bundling ” or “ SREGs bundling ” means a UE example , SPDCCH candidate 314a comprising SCCEs with 
configured with DMRS - based transmission for a given con- the SCCE number 0 and 6 , and SPDCCH candidate 316a 
trol channel may assume that precoding granularity is mul- 55 comprising SCCEs with the SCCE numbers 1 and 7. In some 
tiple resource blocks in the frequency domain or multiple embodiments , this design ensures that the SPDCCH candi 
consecutive SREGs to conduct channel estimation . In some dates with AL L only starts from an SCCE fulfilling the 
embodiments , size of SREGs bundle may be fixed , e.g. , 2 condition of i mod K = 0 where i refers to the SCCE number 
physical resource blocks ( PRBs ) . and K is the number of SCCEs corresponding to the aggre 

In some embodiments , the gNodeB 202 is further con- 60 gation level L. Upon configuring the one or more SPDCCH 
figured to configure one or more SPDCCH candidates within candidates , in some embodiments , the gNodeB 202 is con 
the SPDCCH resource set , each SPDCCH candidate com- figured to generate the DCI 206 and map the DCI 206 ( or a 
prising one or more SCCEs of the plurality of SCCEs within block of complex valued modulation symbols associated 
the SPDCCH resource set . In some embodiments , the with the DCI ) to a select SPDCCH candidate of the one or 
gNodeB 202 is configured to define the one or more 65 more SPDCCH candidates , and provide the DCI 206 to the 
SPDCCH candidates based on an information of the UE 204. In some embodiments , the DCI 206 is mapped to 
resource signal type and an aggregation level L associated the select SPDCCH candidate in an increasing order of first 
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the SCCE number and then the SREG number , as illustrated ured to the process the DCI 206 , in order to decode the 
in FIG . 3b . In FIG . 3b , the aggregation level L = 2 and each information associated with the DCI 206 . 
SCCE consists of 4 SREGs . The modulated symbols asso- Referring to FIG . 4 , illustrated is a block diagram of an 
ciated with the DCI are mapped first to SREG 356 of SCCEO apparatus 400 employable at a Base Station ( BS ) , eNodeB , 
352 followed by SREG 358 of SCCE1 354. In some 5 gNodeB or other network device , according to various 
embodiments , 0 , 2 , 4 , 6 in SCCEO 352 and 1 , 3 , 5 , 7 in aspects described herein . In some embodiments , the appa 
SCCE1 354 indicates the mapping order . ratus 400 may be included within the gNodeB 102 in FIG . 

In some embodiments , the UE 204 is configured to 1. Alternately , in some embodiments , the apparatus 400 may 
monitor the one or more SPDCCH candidates within the be included within the gNodeB 202 in FIG . 1. However , in 
predefined SPDCCH resource set , in order to receive the 10 other embodiments , the apparatus 400 could be included 
DCI 206. In some embodiments , the UE 204 is configured within any gNodeB associated with a new radio ( NR ) 
to determine the one or more SPDCCH candidates , prior to system . System 400 can include one or more processors 430 
monitoring the one or more SPDCCH candidates . In some ( e.g. , one or more baseband processors such as one or more 
embodiments , the UE 204 is configured to determine the one of the baseband processors discussed in connection with 
or more SPDCCH candidates based on an information of the 15 FIG . 10 and / or FIG . 11 ) comprising processing circuitry and 
aggregation level associated with the predefined SPDCCH associated interface ( s ) ( e.g. , one or more interface ( s ) dis 
resource set . In some embodiments , determining the one or cussed in connection with FIG . 11 ) , transceiver circuitry 410 
more SPDCCH candidates comprises determining an ( e.g. , which can comprise circuitry for one or more wired 
SPDCCH candidate number m associated with the one or ( e.g. , X2 , etc. ) connections and / or part or all of RF circuitry 
more SPDCCH candidates , wherein m = 0,1 , ... , M - 1 ; and 20 1006 , which can comprise one or more of transmitter 
M is the maximum number of SPDCCH candidates for circuitry ( e.g. , associated with one or more transmit chains ) 
aggregation level ( AL ) L in an SPDCCH resource set p , or receiver circuitry ( e.g. , associated with one or more 
which is configured by higher layers . In order to determine receive chains ) , wherein the transmitter circuitry and 
the resource configuration associated with the one or more receiver circuitry can employ common circuit elements , 
SPDCCH candidates , in some embodiments , the UE 204 is 25 distinct circuit elements , or a combination thereof ) , and 
further configured to determine one or more shortened memory 440 ( which can comprise any of a variety of storage 
control channel elements ( SCCEs ) associated with each of mediums and can store instructions and / or data associated 
the one or more SPDCCH candidates . In some embodi- with one or more of processor ( s ) 430 or transceiver circuitry 
ments , the UE 204 is configured to determine the one or 410 ) . In various aspects , apparatus 400 can be included 
more SCCEs based on an information of a reference signal 30 within an Evolved Universal Terrestrial Radio Access Net 
type and the aggregation level of the associated SPDCCH work ( EUTRAN ) Node B ( Evolved Node B , eNodeB , or 
resource set , in accordance with the predefined SPDCCH eNB ) , next generation Node B ( gNodeB or gNB ) or other 
candidate relation given in equations ( 2 ) , ( 3 ) or ( 4 ) above . base station or TRP ( Transmit / Receive Point ) in a wireless 
The criteria for choosing between equations ( 2 ) , ( 3 ) or ( 4 ) is communications network . In some aspects , the processor ( s ) 
same as given above . In some embodiments , determining the 35 430 , transceiver circuitry 410 , and the memory 440 can be 
one or more SCCEs associated with each of the one or more included in a single device , while in other aspects , they can 
SPDCCH candidates comprises determining one or more be included in different devices , such as part of a distributed 
SCCE numbers that respectively identifies the one or more architecture . 
SCCEs . In some embodiments , the UE 204 is configured to In a first embodiment , the apparatus 400 is included 
receive information on the associated SPDCCH resource set 40 within the gNodeB 102 in FIG . 1. Therefore , the apparatus 
( e.g. , resource configuration , reference signal type , aggre- 400 is explained with reference to the NR communication 
gation level L etc. ) based on radio resource control ( RRC ) system 100 in FIG . 1. All the features associated with the 
signaling from the gNodeB 202. Therefore , in some embodi- gNodeB 102 in FIG . 1 explained above is also applicable to 
ments , the gNodeB 202 is further configured to provide one the apparatus 400 in FIG . 4. In such embodiments , the 
or more RRC signals comprising information on a SPDCCH 45 processing circuit 430 is configured to generate a rate 
control resource set to the UE 204 , prior to providing the matched resource set configuration signal ( e.g. , the rate 
DCI 206 to the UE 204 . matched resource set configuration signal 106 in FIG . 1 ) 
Upon determining the one or more SCCEs associated with comprising information on a plurality of rate - matched 

each of the one or more SPDCCH candidates , the UE 204 is resource sets , and provide the rate - matched resource con 
further configured to determine a set of shortened resource 50 figuration signal to a transceiver circuitry 410 , for subse 
element groups ( SREGs ) associated with each of the one or quent transmission to a UE ( e.g. , the UE 104 in FIG . 1 ) 
more SCCEs associated with the one or more SPDCCH associated therewith . In some embodiments , each of the 
candidates . In some embodiments , the UE 204 is configured plurality of rate - matched resource sets comprises time 
to determine the set of shortened resource element groups frequency resources on which any overlapping PDSCH is to 
( SREGs ) associated with each of the one or more SCCES 55 be rate - matched or may not be mapped . In some embodi 
associated with the one or more SPDCCH candidates , based ments , the processing circuit 430 is further configured to 
on an information of the reference signal type the associated generate a physical downlink shared channel ( PDSCH ) 
SPDCCH resource set , in accordance with the predefined dynamic rate matching resource set configuration signal 
SCCE relation given in equation ( 1 ) above . In some embodi- ( e.g. , the PDSCH dynamic rate matching resource set con 
ments , determining the set of SREGs associated with each of 60 figuration signal 108 in FIG . 1 ) comprising information on 
the one or more SCCEs comprises determining a set of one or more overlap resource sets , and provide the PDSCH 
SREG numbers that respectively identifies the set of SREGS . dynamic rate matching resource set configuration signal to 
Once the SREGs associated with each of the SPDCCH the transceiver circuitry 410 , for subsequent transmission to 
candidates are determined at the UE 204 , the UE 204 is a UE . In some embodiments , each of the one or more 
configured to monitor the one or more SPDCCH candidates 65 overlap resource sets comprises time - frequency resources 
and receive the DCI 206 on a select SPDCCH candidate . on which any overlapping PDSCH may or may not be 
Upon receiving the DCI 206 , the UE 204 is further config- mapped ( i.e. , dynamically mapped ) , based on an indication 
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provided within a PDSCH rate matching indicator signal resources associated with the UE's own CORESET . In some 
( e.g. , the PDSCH rate matching indicator signal 110 in FIG . embodiments , the one or more overlap resource sets com 
1 ) . prised in the PDSCH dynamic rate matching resource set 

In some embodiments , the one or more overlap resource configuration signal comprises one or more CORESETS 
sets comprised within the PDSCH dynamic rate matching 5 associated with the UE , wherein the one or more CORE 
resource set configuration signal is a subset of the plurality SETs comprise scheduled physical downlink control chan 
of rate - matched resource sets comprised within the rate- nel ( PDCCH ) associated with one or more respective trans 
matched resource set configuration signal . However , in other mission - reception points ( TRPs ) . In such embodiments , the 
embodiments , the rate - matched resource set configuration PDSCH rate matching indicator signal 110 may comprise a 
signal and the PDSCH dynamic rate matching resource set 10 first PDSCH rate matching indicator signal ( or a first DCI ) 
configuration signal may be configured independently with associated with a first PDCCH and a second PDSCH rate 
no dependency between the one or more overlap resource matching indicator signal ( or a second DCI ) associated with 
sets comprised within the PDSCH dynamic rate matching a second PDCCH . In some embodiments , the first DCI is 
resource set configuration signal and the plurality of rate- configured to indicate dynamic use of the resources only for 
matched resource sets comprised within the rate - matched 15 the resource set for first PDCCH ( in first CORESET ) . In 
resource set configuration signal . In some embodiments , the some embodiments , the first DCI is further configured to 
rate - matched resource configuration signal and the PDSCH indicate that any overlapping PDSCH is to be assumed as 
dynamic rate matching resource set configuration signal rate matched around the second resource set ( containing the 
comprises radio resource control ( RRC ) signals . In some second CORESET ) . 
embodiments , the PDSCH dynamic rate matching resource 20 Further , in some embodiments , the one or more overlap 
set configuration signal comprise a UE - specific RRC signal . resource sets comprised in the PDSCH dynamic rate match 
In some embodiments , the PDSCH dynamic rate matching ing resource set configuration signal comprises a CORESET 
resource set configuration signal and the rate - matched associated with the UE comprising a plurality of scheduled 
resource set configuration signal comprises information of PDCCHs carrying a respective plurality of Das from a 
one or more of a time - domain granularity , a frequency- 25 plurality of different transmission - reception points ( TRPs ) . 
domain granularity and an associated periodicity of the In such embodiments , the PDSCH rate matching indicator 
resource sets associated therewith . signal associated with the corresponding scheduled 

In some embodiments , the processing circuit 430 is fur- PDCCHS is configured to provide an indication that the 
ther configured to generate the PDSCH rate matching indi- PDSCH may not be mapped to resources associated with the 
cator signal and provide the PDSCH rate matching indicator 30 entire CORESET . Alternately , in some embodiments , 
signal to the transceiver circuitry 410 , for subsequent trans- PDSCH rate matching indicator signal associated with the 
mission to a UE . In some embodiments , the PDSCH rate corresponding scheduled PDCCHs is configured to provide 
matching indicator signal comprises information on a set of an indication if the overlapping PDSCH may or may not be 
overlap resource sets within the one or more overlap mapped to resources associated with the CORESET , except 
resource sets ( included within the PDSCH dynamic rate 35 the resources of the scheduled PDCCHs . In some embodi 
matching resource set configuration signal ) on which the ments , when the CORESETs that the UE is already config 
overlapping PDSCH may be mapped . In some embodi- ured to monitor are not included in the rate - matched 
ments , the PDSCH rate matching indicator signal comprises resource set configuration signal and the PDSCH dynamic 
a UE - specific downlink control information ( DCI ) associ- rate matching resource set configuration signal , the PDSCH 
ated with the UE . In some embodiments , the PDSCH rate 40 rate matching indicator signal may be used to indicate reuse 
matching indicator signal or the UE - specific DCI comprises of CORESET resources for overlapping PDSCH . Further , in 
a bitmap field , Rate matching indicator , comprising a plu- some embodiments , when the UE is configured with mul 
rality of bits ( e.g. , 1 , 2 or 3 bits ) , wherein each bit corre- tiple ( e.g. , one or more ) bandwidth parts ( BWPs ) , the 
sponds to an overlap resource set identified within the PDSCH dynamic rate matching resource set configuration 
PDSCH dynamic rate matching resource set configuration 45 signal and the rate - matched resource set configuration signal 
signal and potentially the UE's own CORESETs if not are separately indicated to the UE for each of the one or 
explicitly configured via the PDSCH dynamic rate matching more DL BWPs configured to the UE . 
resource set configuration signal and the rate - matched In a second embodiment , the apparatus 400 is included 
resource set configuration signal . In some embodiments , within the gNodeB 202 in FIG . 2. Therefore , the apparatus 
with varying number of resource sets , the bit - width of the 50 400 is explained with reference to the NR communication 
bitmap field in the DCI may change , leading to multiple DCI system 200 in FIG . 2 and the SPDCCH resource set 300 in 
format sizes that could potentially increase UE's blind FIG . 3a . All the features associated with the gNodeB 202 in 
decoding ( BD ) efforts . To address this , in some embodi- FIG . 2 explained above is also applicable to the apparatus 
ments , padding bits are added to the bitmap field indicating 400 in FIG . 4. In such embodiments , the processing circuit 
dynamic resource sharing so that the DCI format is size- 55 430 is configured to configure one or more shortened 
matched to certain candidate values . Alternately , in some physical downlink control channel ( SPDCCH ) candidates to 
embodiments , padding bits are added to the overall DCI be utilized to provide a downlink control information ( DCI ) 
format for the same purpose . In some embodiments , the to a UE ( e.g. , the UE 204 in FIG . 2 ) . In order to determine 
processing circuit 430 is configured to generate the various the one or more SPDCCH candidates , in some embodi 
signals above based on instructions stored within the 60 ments , the processing circuit 430 is configured to configure 
memory circuit 440 . a shortened physical downlink control channel ( SPDCCH ) 

In some embodiments , the one or more overlap resource resource set ( e.g. , the SPDCCH resource set 300 in FIG . 3a ) 
sets comprised within the PDSCH dynamic rate matching comprising a plurality of time - frequency resources . In some 
resource set configuration signal comprises the UE's own embodiments , the plurality of time - frequency resources 
control resource set ( CORESET ) . In such embodiments , the 65 within the SPDCCH resource set is grouped into a plurality 
PDSCH rate matching indicator signal may be configured to of short resource element groups ( SREGs ) and each of the 
provide an indication that the PDSCH may be mapped to plurality of SREGs is identified by a corresponding SREG 
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number . In some embodiments , processing circuit 430 is processor ( 8 ) 530 or transceiver circuitry 510 ) . In various 
configured to configure the SPDCCH resource set based on aspects , apparatus 500 can be included within a user equip 
information provided by the higher layers , in accordance ment ( UE ) . 
with instructions stored in the memory circuit 440 . In various aspects discussed herein , signals and / or mes 
Upon configuring the SPDCCH resource set , in some 5 sages can be generated and output for transmission , and / or 

embodiments , the processing circuit 430 is further config- transmitted messages can be received and processed . 
ured to configure a plurality of shortened control channel Depending on the type of signal or message generated , 
elements ( SCCEs ) identified by a respective plurality of outputting for transmission ( e.g. , by processor ( s ) 530 ) can 
SCCE numbers within the SPDCCH resource set . In some comprise one or more of the following : generating a set of 
embodiments , each SCCE comprises a set of SREGs of the 10 associated bits that indicate the content of the signal or 
plurality of SREGs . In some embodiments , the processing message , coding ( e.g. , which can include adding a cyclic 
circuit 430 is configured to configure the plurality of SCCEs redundancy check ( CRC ) and / or coding via one or more of 
based on grouping the plurality of SREGs by utilizing an turbo code , low density parity - check ( LDPC ) code , tailbiting 
information of the resource signal type associated with the convolution code ( TBCC ) , etc. ) , scrambling ( e.g. , based on 
SPDCCH resource set , in accordance with a predefined 15 a scrambling seed ) , modulating ( e.g. , via one of binary phase 
SCCE relation ( e.g. , the predefined SCCE relation given in shift keying ( BPSK ) , quadrature phase shift keying ( QPSK ) , 
equation ( 1 ) above ) . In some embodiments , the processing or some form of quadrature amplitude modulation ( QAM ) , 
circuit 430 is further configured to configure one or more etc. ) , and / or resource mapping ( e.g. , to a scheduled set of 
SPDCCH candidates ( e.g. , SPDCCH candidate 306 , 308 etc. resources , to a set of time and frequency resources granted 
in FIG . 3a ) within the SPDCCH resource set . In some 20 for uplink transmission , etc. ) . Depending on the type of 
embodiments , each SPDCCH candidate comprising one or received signal or message , processing ( e.g. , by processor ( s ) 
more SCCEs of the plurality of SCCEs within the SPDCCH 530 ) can comprise one or more of : identifying physical 
resource set . In some embodiments , the processing circuit resources associated with the signal / message , detecting the 
430 is configured to configure one or more SPDCCH signal / message , resource element group deinterleaving , 
candidates based on an information of the resource signal 25 demodulation , descrambling , and / or decoding . 
type and an aggregation level associated with the SPDCCH In a first embodiment , the apparatus 500 is included 
resource set , in accordance with a predefined SPDCCH within the UE 104 in FIG . 1. Therefore , the apparatus 500 
candidate relation ( e.g. , the predefined SPDCCH candidate is explained herein with reference to the NR communication 
relation given in equation ( 2 ) or ( 3 ) or ( 4 ) above ) , as system 100 in FIG . 1. All the features associated with the UE 
explained above with respect to FIG . 2 . 30 104 in FIG . 1 explained above is also applicable to the 

In some embodiments , the predefined SCCE relation and apparatus 500 in FIG . 5. In such embodiments , the process 
the predefined SPDCCH candidate relation are stored within ing circuit 530 is configured to receive a rate - matched 
the memory circuit 440. Upon configuring the one or more resource set configuration signal ( e.g. , the rate - matched 
SPDCCH candidates , the processing circuit 430 is further resource set configuration signal 106 in FIG . 1 ) , from a 
configured to generate the DCI and map the DCI to a select 35 gNodeB ( e.g. , the gNodeB 102 in FIG . 1 ) via the transceiver 
SPDCCH candidate of the one or more SPDCCH candi- circuitry 510. In some embodiments , the rate - matched 
dates . In some embodiments , the processing circuit 430 is resource set configuration signal comprises information on a 
further configured to provide the generated DCI to the plurality of rate - matched resource sets , each of the plurality 
transceiver circuitry 410 , via an RF interface , for subsequent of rate - matched resource sets comprising time - frequency 
transmission to the UE . In some embodiments , the process- 40 resources that are to be rate - matched for any overlapping 
ing circuit 430 is configured to map the DCI to the select PDSCH . Upon receiving the rate - matched resource set con 
SPDCCH candidate in an increasing order of first the SCCE figuration signal , in some embodiments , the processing 
number and then the SREG number , as explained above with circuit 530 is further configured to process the rate - matched 
respect to FIG . 3b above . resource set configuration signal , in order to identify the 

Referring to FIG . 5 , illustrated is a block diagram of an 45 plurality of rate - matched resource sets . 
apparatus 500 employable at a user equipment ( UE ) or other In some embodiments , the processing circuit 530 is fur 
network device ( e.g. , IoT device ) , according to various ther configured to receive a physical downlink shared chan 
aspects described herein . In some embodiments , the appa- nel ( PDSCH ) dynamic rate matching resource set configu 
ratus 500 may be included within the UE 104 in FIG . 1 . ration signal ( e.g. , the PDSCH dynamic rate matching 
Alternately , in some embodiments , the apparatus 500 may 50 resource set configuration signal 108 in FIG . 1 ) , from the 
be included within the UE 204 in FIG . 2. However , in other gNodeB , via the transceiver circuitry 510. In some embodi 
embodiments , the apparatus 400 could be included within ments , the PDSCH dynamic rate matching resource set 
any UE associated with a new radio ( NR ) system . Apparatus configuration signal comprises information on one or more 
500 can include one or more processors 530 ( e.g. , one or overlap resource sets , each of the one or more overlap 
more baseband processors such as one or more of the 55 resource sets comprises time - frequency resources on which 
baseband processors discussed in connection with FIG . 10 any overlapping PDSCH may or may not be mapped ( e.g. , 
and / or FIG . 11 ) comprising processing circuitry and asso- may be dynamically mapped ) , based on an indication pro 
ciated interface ( s ) ( e.g. , one or more interface ( s ) discussed vided within a PDSCH rate matching indicator signal ( e.g. , 
in connection with FIG . 11 ) , transceiver circuitry 510 ( e.g. , the PDSCH rate matching indicator signal 110 in FIG . 1 ) . 
comprising part or all of RF circuitry 1006 , which can 60 Upon receiving the PDSCH dynamic rate matching resource 
comprise transmitter circuitry ( e.g. , associated with one or set configuration signal , in some embodiments , the process 
more transmit chains ) and / or receiver circuitry ( e.g. , asso- ing circuit 530 is further configured to process the PDSCH 
ciated with one or more receive chains ) that can employ dynamic rate matching resource set configuration signal , in 
common circuit elements , distinct circuit elements , or a order to identify the one or more overlap resource sets . In 
combination thereof ) , and a memory 540 ( which can com- 65 some embodiments , the one or more overlap resource sets 
prise any of a variety of storage mediums and can store comprised within the PDSCH dynamic rate matching 
instructions and / or data associated with one or more of resource set configuration signal is a subset of the plurality a 
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of rate - matched resource sets comprised within the rate- within the PDSCH dynamic rate matching resource set 
matched resource set configuration signal . However , in other configuration signal comprises the UE's own control 
embodiments , the rate - matched resource set configuration resource set ( CORESET ) . In such embodiments , the PDSCH 
signal and the PDSCH dynamic rate matching resource set rate matching indicator signal may comprise an indication 
configuration signal are independent of one another with no 5 that the PDSCH may be mapped to resources associated 
dependency between the one or more overlap resource sets with the UE's own CORESET . In such embodiments , the 
comprised within the PDSCH dynamic rate matching UE 104 is configured to assume that PDSCH may be 
resource set configuration signal and the plurality of rate- mapped to resources associated with the UE's own CORE 
matched resource sets comprised within the rate - matched SET except the resources of a scheduled physical downlink 
resource set configuration signal . In some embodiments , the 10 control channel ( PDCCH ) carrying the DCI for the overlap 
rate - matched resource configuration signal and the PDSCH ping PDSCH within the UE's own CORESET . In some 
dynamic rate matching resource set configuration signal embodiments , the one or more overlap resource sets com 
comprise radio resource control ( RRC ) signals . In some prised in the PDSCH dynamic rate matching resource set 
embodiments , the PDSCH dynamic rate matching resource configuration signal comprises one or more CORESETS 
set configuration signal and the rate - matched resource set 15 associated with the UE or configured to the UE , wherein the 
configuration signal comprises information of one or more one or more CORESETs comprise scheduled physical 
of a time - domain granularity , a frequency - domain granular- downlink control channel ( PDCCH ) s associated with one or 
ity and an associated periodicity of the resource sets asso- more respective transmission - reception points ( TRPs ) . In 
ciated therewith . such embodiments , the PDSCH rate matching indicator 

In some embodiments , the processing circuit 530 is fur- 20 signal may comprise one or more DCIs , each of which may 
ther configured to receive the PDSCH rate matching indi- be configured to provide an indication that the PDSCH may 
cator signal ( e.g. , the PDSCH rate matching indicator signal be mapped to resources associated with the CORESET 
110 in FIG . 1 ) , from the gNodeB , via the transceiver carrying the respective PDCCHs . 
circuitry 510. In some embodiments , the PDSCH rate Further , in some embodiments , the one or more overlap 
matching indicator signal comprises information on a set of 25 resource sets comprised in the PDSCH dynamic rate match 
overlap resource sets within the one or more overlap ing resource set configuration signal comprises a CORESET 
resource sets ( included within the PDSCH dynamic rate associated with the UE comprising a plurality of scheduled 
matching resource set configuration signal ) on which the PDCCHs carrying a respective plurality of Das from a 
overlapping PDSCH may be mapped . Upon receiving the plurality of different transmission - reception points ( TRPs ) . 
PDSCH rate matching indicator signal , in some embodi- 30 In such embodiments , the PDSCH rate matching indicator 
ments , the processing circuit 530 is further configured to signal associated with the corresponding scheduled 
process the PDSCH rate matching indicator signal , in order PDCCHs may comprise an indication that the PDSCH may 
to identify the set of overlap resource sets on which any not be mapped to resources associated with the entire 
overlapping PDSCH may be mapped . In some embodi- CORESET . Alternately , in such embodiments , PDSCH rate 
ments , the PDSCH rate matching indicator signal comprises 35 matching indicator signal associated with the corresponding 
a UE - specific downlink control information ( DCI ) associ- scheduled PDCCHs may comprise an indication if the 
ated with the UE . In some embodiments , the PDSCH rate overlapping PDSCH may or may not be mapped to 
matching indicator signal or the UE - specific DCI comprises resources associated with the CORESET . In some embodi 
a bitmap field , Rate matching indicator , comprising a plu- ments , when the CORESETs that the UE is already config 
rality of bits ( e.g. , 1 , 2 or 3 bits ) , wherein each bit corre- 40 ured to monitor are not included in the rate - matched 
sponds to an overlap resource set identified within the resource set configuration signal or the PDSCH dynamic 
PDSCH dynamic rate matching resource set configuration rate matching resource set configuration signal or both , the 
signal and potentially the UE's own CORESET if not PDSCH rate matching indicator signal may comprise an 
explicitly configured via the PDSCH dynamic rate matching indication to reuse CORESET resources for overlapping 
resource set configuration signal and the rate - matched 45 PDSCH . Further , in some embodiments , when the UE is 
resource set configuration signal . In some embodiments , configured with multiple downlink ( DL ) bandwidth parts 
with varying number of resource sets , the bit - width of the ( BWPs ) , the PDSCH dynamic rate matching resource set 
bitmap field in the DCI may change , leading to multiple DCI configuration signal and the rate - matched resource set con 
format sizes that could potentially increase UE’s blind figuration signal are separately indicated to the UE for each 
decoding ( BD ) efforts . To address this , in some embodi- 50 of the one or more DL BWPs configured to the UE . 
ments , padding bits are added to the bitmap field indicating In a second embodiment , the apparatus 500 is included 
dynamic resource sharing so that the DCI format is size- within the UE 204 in FIG . 2. Therefore , the apparatus 500 
matched to certain candidate values . Alternately , in some is explained herein with reference to the NR communication 
embodiments , padding bits are added to the overall DCI system 200 in FIG . 2 and the SPDCCH resource set 300 in 
format for the same purpose . 55 FIG . 3. All the features associated with the UE 204 in FIG . 

In some embodiments , the plurality of rate - matched 2 explained above is also applicable to the apparatus 500 in 
resource sets comprised within the rate - matched resource FIG . 5. In such embodiments , the processing circuit 530 is 
configuration signal may comprise the UE's own CORE- configured to determine one or more shortened physical 
SET , however , the PDSCH dynamic rate matching resource downlink control channel ( SPDCCH ) candidates ( e.g. , the 
set configuration signal may not identify the UE's own 60 SPDCCH candidates 306 , 308 etc. in FIG . 3b ) within a 
CORESET . In such embodiments , the processing circuit is predefined SPDCCH resource set ( e.g. , the SPDCCH 
configured to assume that any overlapping PDSCH may be resource set 300 in FIG . 3 ) . In some embodiments , the 
mapped to resources associated with the UE's own CORE- processing circuit 530 is configured to determine one or 
SET , except the resources of a scheduled physical downlink more SPDCCH candidates , based on information of an 
control channel ( PDCCH ) carrying the DCI for the overlap- 65 aggregation level of the predefined SPDCCH resource set . 
ping within the UE's own CORESET . In some embodi- In some embodiments , the one or more SPDCCH candidates 
ments , the one or more overlap resource sets comprised are utilized by the UE to receive a downlink control infor 
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mation ( DCI ) from a next generation Node B ( gNodeB ) indicator signal ( e.g. , the PDSCH rate matching indicator 
( e.g. , the gNodeB 202 in FIG . 2 ) associated therewith for signal 110 in FIG . 1 ) . At 604 , the generated PDSCH 
shortened transmission time interval ( STTI ) operations . In dynamic rate matching resource set configuration signal is 
some embodiments , the processing circuit 530 is further provided from the processing circuit 430 to a UE ( e.g. , the 
configured to receive information ( e.g. , resource configura- 5 UE 104 in FIG . 1 ) associated therewith , via the transceiver 
tion , reference signal type , aggregation level etc. ) of the circuitry 410 , in order to enable the UE to identify the one 
predefined SPDCCH resource set via the transceiver cir- or more overlap resource sets . 
cuitry 510 , from the gNodeB , based on radio resource At 606 , a rate - matched resource set configuration signal 
control ( RRC ) signaling . ( e.g. , the rate - matched resource set configuration signal 106 

In order to determine the resource configuration of the one 10 in FIG . 1 ) comprising information on a plurality of rate 
or more SPDCCH candidates , in some embodiments , the matched resource sets , is generated at the processing circuit . 
processing circuit 530 is configured to determine one or In some embodiments , each of the plurality of rate - matched 
more shortened control channel elements ( SCCEs ) ( e.g. , the resource sets comprises time - frequency resources on which 
SCCE 304 identified by the SCCE number 0 in FIG . 3a ) any overlapping PDSCH may not be mapped . In some 
associated with each of the one or more SPDCCH candi- 15 embodiments , the one or more overlap resource sets com 
dates , based on an information of a reference signal type and prised within the PDSCH dynamic rate matching resource 
aggregation level of the associated SPDCCH resource set , in set configuration signal is a subset of the plurality of 
accordance with a predefined SPDCCH candidate relation rate - matched resource sets comprised within the rate 
( e.g. , the predefined SPDCCH candidate relation given in matched resource set configuration signal . However , in other 
equation ( 2 ) or ( 3 ) or ( 4 ) above ) , as explained above with 20 embodiments , the rate - matched resource set configuration 
respect to FIG . 2. In some embodiments , determining the signal and the PDSCH dynamic rate matching resource set 
one or more SCCEs associated with each of the one or more configuration signal may be configured independently with 
SPDCCH candidates comprises determining one or more no dependency between the one or more overlap resource 
SCCE numbers that respectively identifies the one or more sets comprised within the PDSCH dynamic rate matching 
SCCEs . In some embodiments , the processing circuit 530 is 25 resource set configuration signal and the plurality of rate 
further configured to determine a set of shortened resource matched resource sets comprised within the rate - matched 
element groups ( SREGs ) ( e.g. , the SREG 302 identified by resource set configuration signal . 
the SREG number 6 in FIG . 3b ) associated with each of the In some embodiments , the rate - matched resource configu 
one or more SCCEs associated with the one or more ration signal and the PDSCH dynamic rate matching 
SPDCCH candidates , based on an information of the refer- 30 resource set configuration signal comprise radio resource 
ence signal type the associated SPDCCH resource set , in control ( RRC ) signals . In some embodiments , the PDSCH 
accordance with a predefined SCCE relation ( e.g. , the pre- dynamic rate matching resource set configuration signal and 
defined SCCE relation in equation ( 1 ) above ) , as explained the rate - matched resource set configuration signal comprises 
above with respect to FIG . 2. In some embodiments , deter- information of one or more of a time - domain granularity , a 
mining the set of SREGs associated with each of the one or 35 frequency - domain granularity and an associated periodicity 
more SCCEs comprises determining a set of SREG numbers of the resource sets associated therewith . At 608 , the gen 
that respectively identifies the set of SREGs . In some erated rate matched resource set configuration signal is 
embodiments , determining the set of SREGs associated with provided from the processing circuit to the UE , via the 
the one or more SCCEs associated with the one or more transceiver circuitry 410 , in order to enable the UE to 
SPDCCH candidates , enables the processing circuit 530 to 40 identify the plurality of rate - matched resource sets . At 610 , 
identify the resource configuration associated with the one the PDSCH rate matching indicator signal comprising infor 
or more SPDCCH candidates , thereby enabling the process- mation on a set of overlap resource sets within the one or 
ing circuit 530 to monitor the one or more SPDCCH more overlap resource sets ( included within the PDSCH 
candidates to receive the DCI ( e.g. , the DCI 206 in FIG . 2 ) . dynamic rate matching resource set configuration signal ) on 
Upon determining the resource configuration associated 45 which the overlapping PDSCH may be mapped , is generated 
with the one or more SPDCCH candidates , in some embodi- at the processing circuit 430. At 612 , the generated PDSCH 
ments , the processing circuit 530 is further configured to rate matching indicator signal is provided from the process 
receive the DCI on a select SPDCCH candidate from the ing circuit 430 to the UE , via the transceiver circuitry 410 . 
gNodeB , via the transceiver circuitry 510. In some embodi- In some embodiments , the PDSCH rate matching indica 
ments , the DCI is mapped to the select SPDCCH candidate 50 tor signal comprises a UE - specific downlink control infor 
in an increasing order of first the SCCE number and then the mation ( DCI ) associated with the UE . In some embodi 
SREG number . ments , the PDSCH rate matching indicator signal or the 
FIG . 6 illustrates a flow chart of a method 600 for a UE - specific DCI comprises a bitmap field , Rate matching 

gNodeB in a new radio ( NR ) system that support resource indicator , comprising a plurality of bits ( e.g. , 1 , 2 or 3 bits ) , 
sharing , according to one embodiment of the disclosure . The 55 wherein each bit corresponds to an overlap resource set 
method 600 is explained herein with reference to the appa- identified within the PDSCH dynamic rate matching 
ratus 400 in FIG . 4. In some embodiments , the apparatus 400 resource set configuration signal and potentially the UE's 
could be included within the gNodeB 102 in FIG . 1. At 602 , own CORESETs if not explicitly configured via the PDSCH 
a physical downlink shared channel ( PDSCH ) dynamic rate dynamic rate matching resource set configuration signal and 
matching resource set configuration signal ( e.g. , the PDSCH 60 the rate - matched resource set configuration signal . In some 
dynamic rate matching resource set configuration signal 108 embodiments , with varying number of resource sets , the 
in FIG . 1 ) comprising information on one or more overlap bit - width of the bitmap field in the DCI may change , leading 
resource sets , is generated at the processing circuit 430. In to multiple DCI format sizes that could potentially increase 
some embodiments , each of the one or more overlap UE's blind decoding ( BD ) efforts . To address this , in some 
resource sets comprises time - frequency resources on which 65 embodiments , padding bits are added to the bitmap field 
any overlapping PDSCH may or may not be mapped , based indicating dynamic resource sharing so that the DCI format 
on an indication provided within a PDSCH rate matching is size - matched to certain candidate values . Alternately , in 
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some embodiments , padding bits are added to the overall matching indicator signal 110 in FIG . 1 ) . At 704 , the PDSCH 
DCI format for the same purpose . rate matching indicator signal , received from the gNodeB , 

In some embodiments , the one or more overlap resource via the transceiver circuitry 510 , is processed at the pro 
sets comprised within the PDSCH dynamic rate matching cessing circuit 530. In some embodiments , the PDSCH rate 
resource set configuration signal comprises the UE's own 5 matching indicator signal comprises information on a set of 
control resource set ( CORESET ) . In such embodiments , the overlap resource sets within the one or more overlap 
PDSCH rate matching indicator signal may be configured to resource sets ( included within the PDSCH dynamic rate 
provide an indication that the PDSCH may be mapped to matching resource set configuration signal ) on which the 
resources associated with the UE's own CORESET . In some overlapping PDSCH may be mapped . 
embodiments , the one or more overlap resource sets com- 10 In some embodiments , the PDSCH rate matching indica 
prised in the PDSCH dynamic rate matching resource set tor signal comprises a UE - specific downlink control infor 
configuration signal comprises one or more CORESETS mation ( DCI ) associated with the UE . In some embodi 
associated with the UE , wherein the one or more CORE- ments , the PDSCH rate matching indicator signal or the 
SETs comprise scheduled physical downlink control chan- UE - specific DCI comprises a bitmap field , Rate matching 
nel ( PDCCH ) associated with one or more respective trans- 15 indicator , comprising a plurality of bits ( e.g. , 1 , 2 or 3 bits ) , 
mission - reception points ( TRPs ) . In such embodiments , the wherein each bit corresponds to an overlap resource set 
PDSCH rate matching indicator signal may comprise one or identified within the PDSCH dynamic rate matching 
more DCIs , each of which may be configured to provide an resource set configuration signal and potentially the UE's 
indication that the PDSCH may be mapped to resources own CORESETs if not explicitly configured via the PDSCH 
associated with the CORESET carrying the respective 20 dynamic rate matching resource set configuration signal and 
PDCCHs . Further , in some embodiments , the one or more the rate - matched resource set configuration signal . In some 
overlap resource sets comprised in the PDSCH dynamic rate embodiments , with varying number of resource sets , the 
matching resource set configuration signal comprises a bit - width of the bitmap field in the DCI may change , leading 
CORESET associated with the UE comprising a plurality of to multiple DCI format sizes that could potentially increase 
scheduled PDCCHs carrying a respective plurality of Das 25 UE’s blind decoding ( BD ) efforts . To address this , in some 
from a plurality of different transmission - reception points embodiments , padding bits are added to the bitmap field 
( TRPs ) . indicating dynamic resource sharing so that the DCI format 

In such embodiments , the PDSCH rate matching indicator is size - matched to certain candidate values . Alternately , in 
signal associated with the corresponding scheduled some embodiments , padding bits are added to the overall 
PDCCHs is configured to provide an indication that the 30 DCI format for the same purpose . 
PDSCH may not be mapped to resources associated with the At 706 , a rate - matched resource set configuration signal 
entire CORESET . Alternately , in such embodiments , ( e.g. , the rate - matched resource set configuration signal 106 
PDSCH rate matching indicator signal associated with the in FIG . 1 ) received from the gNodeB , via the transceiver 
corresponding scheduled PDCCHs is configured to provide circuitry 510 , is processed at the processing circuit 530. In 
an indication if the overlapping PDSCH may or may not be 35 some embodiments , the rate - matched resource set configu 
mapped to resources associated with the CORESET . In some ration signal comprises information on a plurality of rate 
embodiments , when the CORESETs that the UE is already matched resource sets , wherein each of the plurality of 
configured to monitor are not included in the rate - matched rate - matched sets comprises time - frequency 
resource set configuration signal and the PDSCH dynamic resources that are to be rate - matched for any overlapping 
rate matching resource set configuration signal , the PDSCH 40 PDSCH . In some embodiments , the one or more overlap 
rate matching indicator signal may be used to indicate reuse resource sets comprised within the PDSCH dynamic rate 
of CORESET resources for overlapping PDSCH . Further , in matching resource set configuration signal is a subset of the 
some embodiments , when the UE is configured with mul- plurality of rate - matched resource sets comprised within the 
tiple downlink ( DL ) bandwidth parts ( BWPs ) , the PDSCH rate - matched resource set configuration signal . However , in 
dynamic rate matching resource set configuration signal and 45 other embodiments , the rate - matched resource set configu 
the rate - matched resource set configuration signal are sepa- ration signal and the PDSCH dynamic rate matching 
rately indicated to the UE for each of the one or more DL resource set configuration signal may be configured inde 
BWPs configured to the UE . pendently with no dependency between the one or more 
FIG . 7 illustrates a flow chart of a method 700 for a user overlap resource sets comprised within the PDSCH dynamic 

equipment ( UE ) in a new radio ( NR ) system that support 50 rate matching resource set configuration signal and the 
resource sharing , according to one embodiment of the dis- plurality of rate - matched resource sets comprised within the 
closure . The method 700 is explained herein with reference rate - matched resource set configuration signal . In some 
to the apparatus 500 in FIG . 4. In some embodiments , the embodiments , the rate - matched resource configuration sig 
apparatus 500 could be included within the UE 104 in FIG . nal and the PDSCH dynamic rate matching resource set 
1. At 702 , a physical downlink shared channel ( PDSCH ) 55 configuration signal comprises radio resource control ( RRC ) 
dynamic rate matching resource set configuration signal signals . In some embodiments , the PDSCH dynamic rate 
( e.g. , the PDSCH dynamic rate matching resource set con- matching resource set configuration signal and the rate 
figuration signal 108 in FIG . 1 ) received from a gNodeB matched resource set configuration signal comprises infor 
( e.g. , the gNodeB 102 in FIG . 1 ) , via the transceiver mation of one or more of a time - domain granularity , a 
circuitry 510 , is processed at the processing circuit 530. In 60 frequency - domain granularity and an associated periodicity 
some embodiments , the PDSCH dynamic rate matching of the resource sets associated therewith . 
resource set configuration signal comprises information on In some embodiments , the plurality of rate - matched 
one or more overlap resource sets , wherein each of the one resource sets comprised within the rate - matched resource 
or more overlap resource sets comprises time - frequency configuration signal may comprise the UE's own CORE 
resources on which any overlapping PDSCH may or may 65 SET , however , the PDSCH dynamic rate matching resource 
not be mapped , based on an indication provided within a set configuration signal may not identify the UE's own 
PDSCH rate matching indicator signal ( e.g. , the PDSCH rate CORESET . In such embodiments , the processing circuit 530 

resource 
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is configured to assume that any overlapping PDSCH may SPDCCH resource set is grouped into a plurality of short 
be mapped to resources associated with the UE's own resource element groups ( SREGs ) ( e.g. , the SREG 302 
CORESET , except the resources of a scheduled physical identified by the SREG number 6 in FIG . 3a ) and wherein 
downlink control channel ( PDCCH ) carrying the DCI within each of the plurality of SREGs is identified by a correspond 
the UE's own CORESET . In some embodiments , the one or 5 ing SREG number . At 804 , a plurality of shortened control 
more overlap resource sets comprised within the PDSCH channel elements ( SCCEs ) identified by a respective plural 
dynamic rate matching resource set configuration signal ity of SCCE numbers ( e.g. , the SCCE 304 identified by the 
comprises the UE's own control resource set ( CORESET ) . SCCE number 0 in FIG . 3a ) is configured within the 
In such embodiments , the PDSCH rate matching indicator SPDCCH resource set , at the processing circuit 430. In some 
signal may comprise an indication that the PDSCH may be 10 embodiments , each SCCE comprises a set of SREGs of the 
mapped to resources associated with the UE's own CORE- plurality of SREGs , configured based on grouping the plu 
SET . In such embodiments , the processing circuit 530 is rality of SREGs by utilizing an information of a resource 
configured to assume that PDSCH may be mapped to signal type associated with the SPDCCH resource set , in 
resources associated with the UE's own CORESET except accordance with a predefined SCCE relation ( e.g. , the pre 
the resources of a scheduled physical downlink control 15 defined SCCE relation given in equation ( 1 ) above ) . 
channel ( PDCCH ) carrying the DCI within the UE's own At 806 , one or more SPDCCH candidates are configured 
CORESET . In some embodiments , the one or more overlap within the SPDCCH resource set , at the processing circuit 
resource sets comprised in the PDSCH dynamic rate match- 430. In some embodiments , each SPDCCH candidate com 
ing resource set configuration signal comprises one or more prises one or more SCCEs of the plurality of SCCEs , 
CORESETs associated with the UE , wherein the one or 20 configured / determined based on an information of the 
more CORESETs comprise scheduled physical downlink resource signal type and an aggregation level associated 
control channel ( PDCCH ) s associated with one or more with the SPDCCH resource set , in accordance with a pre 
respective transmission - reception points ( TRPs ) . In such defined SPDCCH candidate relation ( e.g. , the predefined 
embodiments , the PDSCH rate matching indicator signal SPDCCH candidate relation given in equations ( 2 ) , ( 3 ) or ( 4 ) 
may comprise one or more DCIs , each of which may be 25 above ) . At 808 , a downlink control information ( DCI ) is 
configured to provide an indication that the PDSCH may be generated and mapped to a select SPDCCH candidate of the 
mapped to resources associated with the CORESET carrying one or more SPDCCH candidates , at the processing circuit 
the respective PDCCHs . 430. In some embodiments , the DCI is mapped to the select 

Further , in some embodiments , the one or more overlap SPDCCH candidate in an increasing order of first the SCCE 
resource sets comprised in the PDSCH dynamic rate match- 30 number and then the SREG number . At 810 , the generated 
ing resource set configuration signal comprises a CORESET DCI is provided from the processing circuit 430 to the 
associated with the UE comprising a plurality of scheduled transceiver circuit 410 , for subsequent transmission to a UE 
PDCCHs carrying a respective plurality of Das from a ( e.g. , the UE 204 in FIG . 2 ) . 
plurality of different transmission - reception points ( TRPs ) . FIG . 9 illustrates a flow chart of a method 900 for a user 
In such embodiments , the PDSCH rate matching indicator 35 equipment ( UE ) in a new radio ( NR ) system that supports 
signal associated with the corresponding scheduled shortened transmission time interval ( sTTI ) operations , 
PDCCHs may comprise an indication that the PDSCH may according to one embodiment of the disclosure . The method 
not be mapped to resources associated with the entire 900 is explained herein with reference to the apparatus 500 
CORESET . Alternately , in such embodiments , PDSCH rate in FIG . 5. In some embodiments , the apparatus 500 could be 
matching indicator signal associated with the corresponding 40 included within the UE 204 in FIG . 2. At 902 , one or more 
scheduled PDCCHs may comprise an indication if the shortened physical downlink control channel ( SPDCCH ) 
overlapping PDSCH may or may not be mapped to candidates ( e.g. , the SPDCCH candidates 306 , 308 etc. in 
resources associated with the CORESET . In some embodi- FIG . 3a ) within a predefined SPDCCH resource set ( e.g. , the 
ments , when the CORESETs that the UE is already config- SPDCCH resource set 300 in FIG . 3a ) , to be utilized by the 
ured to monitor are not included in the rate - matched 45 UE to receive a downlink control information ( DCI ) ( e.g. , 
resource set configuration signal or the PDSCH dynamic the DCI 206 in FIG . 2 ) from a gNodeB ( e.g. , the gNodeB 
rate matching resource set configuration signal or both , the 202 in FIG . 2 ) associated therewith for shortened transmis 
PDSCH rate matching indicator signal may comprise an sion time interval ( STTI ) operations , is determined at the 
indication to reuse CORESET resources for overlapping processing circuit 530. In some embodiments , the process 
PDSCH . Further , in some embodiments , when the UE is 50 ing circuit 530 is configured to determine the one or more 
configured with multiple bandwidth parts ( BWPs ) , the SPDCCH candidates based on an information of an aggre 
PDSCH dynamic rate matching resource set configuration gation level of the associated SPDCCH resource set . In some 
signal and the rate - matched resource set configuration signal embodiments , the one or more SPDCCH candidates is 
may comprise resource sets associated with one or more determined at the processing circuit 530 based on determin 
configured BWPs of the UE . 55 ing an SPDCCH candidate number m associated with the 
FIG . 8 illustrates a flow chart of a method 800 for a one or more SPDCCH candidates , wherein m = 0 , 1 , .. 

gNodeB in a new radio ( NR ) system that support shortened M - 1 ; and M is the maximum number of SPDCCH can 
transmission time interval ( STTI ) operations , according to didates for aggregation level ( AL ) L in an SPDCCH resource 
one embodiment of the disclosure . The method 800 is set p , which is configured by higher layers . 
explained herein with reference to the apparatus 400 in FIG . 60 At 904 , one or more shortened control channel elements 
4. In some embodiments , the apparatus 400 could be ( SCCEs ) ( e.g. , the SCCE 304 identified by the SCCE 
included within the gNodeB 202 in FIG . 2. At 802 , a number 0 in FIG . 3a ) associated with each of the one or 
shortened physical downlink control channel ( SPDCCH ) more SPDCCH candidates , is determined at the processing 
resource set ( e.g. , the SPDCCH resource set 300 in FIG . 3a ) circuit 530. In some embodiments , the processing circuit 
comprising a plurality of time - frequency resources , is con- 65 530 is configured to determine the one or more SCCES 
figured at the processing circuit 430. In some embodiments , associated with each of the one or more SPDCCH candi 
the plurality of time - frequency resources associated with the dates , based on an information of a reference signal type and 
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the aggregation level of the associated SPDCCH resource cuitry 1006 , front - end module ( FEM ) circuitry 1008 , one or 
set , in accordance with a predefined SPDCCH candidate more antennas 1010 , and power management circuitry 
relation ( e.g. , the predefined SPDCCH candidate relation ( PMC ) 1012 coupled together at least as shown . The com 
given in equations ( 2 ) , ( 3 ) or ( 4 ) above ) . At 906 , a set of ponents of the illustrated device 1000 may be included in a 
shortened resource element groups ( SREGs ) ( e.g. , the SREG 5 UE or a RAN node . In some embodiments , the device 1000 
302 identified by the SREG number 6 in FIG . 3a ) associated may include less elements ( e.g. , a RAN node may not utilize with each of the one or more SCCEs associated with the one application circuitry 1002 , and instead include a processor / 
or more SPDCCH candidates , is determined at the process controller to process IP data received from an EPC ) . In some ing circuit 530. In some embodiments , the set of SREGs embodiments , the device 1000 may include additional ele associated with each of the one or more SCCEs associated 10 
with the one or more SPDCCH candidates , is determined at ments such as , for example , memory / storage , display , cam 
the processing circuit 530 , based on an information of the era , sensor , or input / output ( I / O ) interface . In other embodi 
reference signal type the associated SPDCCH resource set , ments , the components described below may be included in 
in accordance with a predefined SCCE relation ( e.g. , the more than one device ( e.g. , said circuitries may be separately 
predefined SCCE relation given in equation ( 1 ) above ) . At 15 included in more than one device for Cloud - RAN ( C - RAN ) 
908 , the DCI received on a select SPDCCH candidate of the implementations ) . 
one or more SPDCCH candidates from the gNodeB , via an The application circuitry 1002 may include one or more 
RF interface , is processed at the processing circuit 530 , in application processors . For example , the application cir 
order to decode information associated with the DCI . In cuitry 1002 may include circuitry such as , but not limited to , 
some embodiments , the DCI is mapped to the select 20 one or more single - core or multi - core processors . 
SPDCCH candidate in an increasing order of first the SCCE cessor ( s ) may include any combination of general - purpose 
number and then the SREG number . processors and dedicated processors ( e.g. , graphics proces 

While the methods are illustrated and described above as sors , application processors , etc. ) . The processors may be 
a series of acts or events , it will be appreciated that the coupled with or may include memory / storage and may be 
illustrated ordering of such acts or events are not to be 25 configured to execute instructions stored in the memory / 
interpreted in a limiting sense . For example , some acts may storage to enable various applications or operating systems 
occur in different orders and / or concurrently with other acts to run on the device 1000. In some embodiments , processors 
or events apart from those illustrated and / or described of application circuitry 1002 may process IP data packets 
herein . In addition , not all illustrated acts may be required to received from an EPC . 
implement one or more aspects or embodiments of the 30 The baseband circuitry 1004 may include circuitry such 
disclosure herein . Also , one or more of the acts depicted as , but not limited to , one or more single - core or multi - core 
herein may be carried out in one or more separate acts and / or processors . The baseband circuitry 1004 may include one or 
phases . more baseband processors or control logic to process base 

While the apparatus has been illustrated and described band signals received from a receive signal path of the RF 
with respect to one or more implementations , alterations 35 circuitry 1006 and to generate baseband signals for a trans 
and / or modifications may be made to the illustrated mit signal path of the RF circuitry 1006. Baseband process 
examples without departing from the spirit and scope of the ing circuitry 1004 may interface with the application cir 
appended claims . In particular regard to the various func- cuitry 1002 for generation and processing of the baseband 
tions performed by the above described components or signals and for controlling operations of the RF circuitry 
structures ( assemblies , devices , circuits , systems , etc. ) , the 40 1006. For example , in some embodiments , the baseband 
terms ( including a reference to a “ means ” ) used to describe circuitry 1004 may include a third generation ( 3G ) baseband 
such components are intended to correspond , unless other- processor 1004A , a fourth generation ( 4G ) baseband pro 
wise indicated , to any component or structure which per- cessor 1004B , a fifth generation ( 56 ) baseband processor 
forms the specified function of the described component 1004C , or other baseband processor ( s ) 1004D for other 
( e.g. , that is functionally equivalent ) , even though not struc- 45 existing generations , generations in development or to be 
turally equivalent to the disclosed structure which performs developed in the future ( e.g. , second generation ( 2G ) , sil3h 
the function in the herein illustrated exemplary implemen- generation ( G ) , etc. ) . The baseband circuitry 1004 ( e.g. , 
tations of the invention . one or more of baseband processors 1004A - D ) may handle 

In particular regard to the various functions performed by various radio control functions that enable communication 
the above described components ( assemblies , devices , cir- 50 with one or more radio networks via the RF circuitry 1006 . 
cuits , systems , etc. ) , the terms ( including a reference to a In other embodiments , some or all of the functionality of 
“ means ” ) used to describe such components are intended to baseband processors 1004A - D may be included in modules 
correspond , unless otherwise indicated , to any component or stored in the memory 1004G and executed via a Central 
structure which performs the specified function of the Processing Unit ( CPU ) 1004E . The radio control functions 
described component ( e.g. , that is functionally equivalent ) , 55 may include , but are not limited to , signal modulation / 
even though not structurally equivalent to the disclosed demodulation , encoding / decoding , radio frequency shifting , 
structure which performs the function in the herein illus- etc. In some embodiments , modulation / demodulation cir 
trated exemplary implementations of the disclosure . In addi- cuitry of the baseband circuitry 1004 may include Fast 
tion , while a particular feature may have been disclosed with Fourier Transform ( FFT ) , precoding , or constellation map 
respect to only one of several implementations , such feature 60 ping / demapping functionality . In some embodiments , 
may be combined with one or more other features of the encoding / decoding circuitry of the baseband circuitry 1004 
other implementations as may be desired and advantageous may include convolution , tail - biting convolution , turbo , 
for any given or particular application . Viterbi , or Low Density Parity Check ( LDPC ) encoder / 
FIG . 10 illustrates example components of a device 1000 decoder functionality . Embodiments of modulation / de 

in accordance with some embodiments . In some embodi- 65 modulation and encoder / decoder functionality are not lim 
ments , the device 1000 may include application circuitry ited to these examples and may include other suitable 
1002 , baseband circuitry 1004 , Radio Frequency ( RF ) cir- functionality in other embodiments . 
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In some embodiments , the baseband circuitry 1004 may In some embodiments , the mixer circuitry 1006? of the 
include one or more audio digital signal processor ( s ) ( DSP ) receive signal path and the mixer circuitry 1006? of the 
1004F . The audio DSP ( s ) 1004F may be include elements transmit signal path may include two or more mixers and 
for compression / decompression and echo cancellation and may be arranged for quadrature downconversion and upcon 
may include other suitable processing elements in other 5 version , respectively . In some embodiments , the mixer cir 
embodiments . Components of the baseband circuitry may be cuitry 1006? of the receive signal path and the mixer suitably combined in a single chip , a single chipset , or circuitry 1006? of the transmit signal path may include two disposed on a same circuit board in some embodiments . In or more mixers and may be arranged for image rejection 
some embodiments , some or all of the constituent compo 
nents of the baseband circuitry 1004 and the application 10 mixer circuitry 1006? of the receive signal path and the ( e.g. , Hartley image rejection ) . In some embodiments , the 
circuitry 1002 may be implemented together such as , for 
example , on a system on a chip ( SOC ) . mixer circuitry 1006? may be arranged for direct downcon 

version and direct upconversion , respectively . In some In some embodiments , the baseband circuitry 1004 may 
provide for communication compatible with one or more embodiments , the mixer circuitry 1006? of the receive 
radio technologies . For example , in some embodiments , the 15 signal path and the mixer circuitry 1006? of the transmit 
baseband circuitry 1004 may support communication with signal path may be configured for super - heterodyne opera 
an evolved universal terrestrial radio access network ( EU tion . 
TRAN ) or other wireless metropolitan area networks In some embodiments , the output baseband signals and 
( WMAN ) , a wireless local area network ( WLAN ) , a wire- the input baseband signals may be analog baseband signals , 
less personal area network ( WPAN ) . Embodiments in which 20 although the scope of the embodiments is not limited in this 
the baseband circuitry 1004 is configured to support radio respect . In some alternate embodiments , the output baseband 
communications of more than one wireless protocol may be signals and the input baseband signals may be digital 
referred to as multi - mode baseband circuitry . baseband signals . In these alternate embodiments , the RF 
RF circuitry 1006 may enable communication with wire- circuitry 1006 may include analog - to - digital converter 

less networks using modulated electromagnetic radiation 25 ( ADC ) and digital - to - analog converter ( DAC ) circuitry and 
through a non - solid medium . In various embodiments , the the baseband circuitry 1004 may include a digital baseband 
RF circuitry 1006 may include switches , filters , amplifiers , interface to communicate with the RF circuitry 1006 . etc. to facilitate the communication with the wireless net In some dual - mode embodiments , a separate radio IC work . RF circuitry 1006 may include a receive signal path circuitry may be provided for processing signals for each which may include circuitry to down - convert RF signals 30 spectrum , although the scope of the embodiments is not received from the FEM circuitry 1008 and provide baseband limited in this respect . signals to the baseband circuitry 1004. RF circuitry 1006 
may also include a transmit signal path which In some embodiments , the synthesizer circuitry 1006d include may 
circuitry to up - convert baseband signals provided by the may be a fractional - N synthesizer or a fractional N / N + 1 
baseband circuitry 1004 and provide RF output signals to the 35 synthesizer , although the scope of the embodiments is not 
FEM circuitry 1008 for transmission . limited in this respect as other types of frequency synthe 

In some embodiments , the receive signal path of the RF sizers may be suitable . For example , synthesizer circuitry 
circuitry 1006 may include mixer circuitry 1006a , amplifier 1006d may be a delta - sigma synthesizer , a frequency mul 
circuitry 1006b and filter circuitry 1006c . In some embodi- tiplier , or a synthesizer comprising a phase - locked loop with 
ments , the transmit signal path of the RF circuitry 1006 may 40 a frequency divider . 
include filter circuitry 1006c and mixer circuitry 1006a . RF The synthesizer circuitry 1006d may be configured to 
circuitry 1006 may also include synthesizer circuitry 1006d synthesize an output frequency for use by the mixer circuitry 
for synthesizing a frequency for use by the mixer circuitry 1006? of the RF circuitry 1006 based on a frequency input 
1006? of the receive signal path and the transmit signal path . and a divider control input . In some embodiments , the 
In some embodiments , the mixer circuitry 1006? of the 45 synthesizer circuitry 1006d may be a fractional N / N + 1 
receive signal path may be configured to down - convert RF synthesizer . 
signals received from the FEM circuitry 1008 based on the In some embodiments , frequency input may be provided 
synthesized frequency provided by synthesizer circuitry by a voltage controlled oscillator ( VCO ) , although that is not 
1006d . The amplifier circuitry 1006b may be configured to a requirement . Divider control input may be provided by 
amplify the down - converted signals and the filter circuitry 50 either the baseband circuitry 1004 or the applications pro 
1006c may be a low - pass filter ( LPF ) or band - pass filter cessor 1002 depending on the desired output frequency . In 
( BPF ) configured to remove unwanted signals from the some embodiments , a divider control input ( e.g. , N ) may be 
down - converted signals to generate output baseband signals . determined from a look - up table based on a channel indi 
Output baseband signals may be provided to the baseband cated by the applications processor 1002 . 
circuitry 1004 for further processing . In some embodiments , 55 Synthesizer circuitry 1006d of the RF circuitry 1006 may 
the output baseband signals may be zero - frequency base- include a divider , a delay - locked loop ( DLL ) , a multiplexer 
band signals , although this is not a requirement . In some and a phase accumulator . In some embodiments , the divider 
embodiments , mixer circuitry 1006? of the receive signal may be a dual modulus divider ( DMD ) and the phase 
path may comprise passive mixers , although the scope of the accumulator may be a digital phase accumulator ( DPA ) . In 
embodiments is not limited in this respect . 60 some embodiments , the DMD may be configured to divide 

In some embodiments , the mixer circuitry 1006? of the the input signal by either N or N + 1 ( e.g. , based on a carry 
transmit signal path may be configured to up - convert input out ) to provide a fractional division ratio . In some example 
baseband signals based on the synthesized frequency pro- embodiments , the DLL may include a set of cascaded , 
vided by the synthesizer circuitry 1006d to generate RF tunable , delay elements , a phase detector , a charge pump and 
output signals for the FEM circuitry 1008. The baseband 65 a D - type flip - flop . In these embodiments , the delay elements 
signals may be provided by the baseband circuitry 1004 and may be configured to break a VCO period up into Nd equal 
may be filtered by filter circuitry 1006c . packets of phase , where Nd is the number of delay elements 
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in the delay line . In this way , the DLL provides negative dover , etc. The device 1000 goes into a very low power state 
feedback to help ensure that the total delay through the delay and it performs paging where again it periodically wakes up 
line is one VCO cycle . to listen to the network and then powers down again . The 

In some embodiments , synthesizer circuitry 1006d may device 1000 may not receive data in this state , in order to 
be configured to generate a carrier frequency as the output 5 receive data , it must transition back to RRC_Connected 
frequency , while in other embodiments , the output fre state . 
quency may be a multiple of the carrier frequency ( e.g. , An additional power saving mode may allow a device to twice the carrier frequency , four times the carrier frequency ) be unavailable to the network for periods longer than a and used in conjunction with quadrature generator and paging interval ( ranging from seconds to a few hours ) . divider circuitry to generate multiple signals at the carrier 10 During this time , the device is totally unreachable to the frequency with multiple different phases with respect to each 
other . In some embodiments , the output frequency may be a network and may power down completely . Any data sent 
LO frequency ( fLO ) . In some embodiments , the RF circuitry during this time incurs a large delay and it is assumed the 
1006 may include an IQ / polar converter . delay is acceptable . 
FEM circuitry 1008 may include a receive signal path 15 Processors of the application circuitry 1002 and proces 

which may include circuitry configured to operate on RF sors of the baseband circuitry 1004 may be used to execute 
signals received from one or more antennas 1010 , amplify elements of one or more instances of a protocol stack . For 
the received signals and provide the amplified versions of example , processors of the baseband circuitry 1004 , alone or 
the received signals to the RF circuitry 1006 for further in combination , may be used execute Layer 3 , Layer 2 , or 
processing . FEM circuitry 1008 may also include a transmit 20 Layer 1 functionality , while processors of the application 
signal path which may include circuitry configured to circuitry 1004 may utilize data ( e.g. , packet data ) received 
amplify signals for transmission provided by the RF cir- from these layers and further execute Layer 4 functionality 
cuitry 1006 for transmission by one or more of the one or ( e.g. , transmission communication protocol ( TCP ) and user 
more antennas 1010. In various embodiments , the amplifi- datagram protocol ( UDP ) layers ) . As referred to herein , 
cation through the transmit or receive signal paths may be 25 Layer 3 may comprise a radio resource control ( RRC ) layer , 
done solely in the RF circuitry 1006 , solely in the FEM described in further detail below . As referred to herein , 
1008 , or in both the RF circuitry 1006 and the FEM 1008 . Layer 2 may comprise a medium access control ( MAC ) 

In some embodiments , the FEM circuitry 1008 may layer , a radio link control ( RLC ) layer , and a packet data 
include a TX / RX switch to switch between transmit mode convergence protocol ( PDCP ) layer , described in further 
and receive mode operation . The FEM circuitry may include 30 detail below . As referred to herein , Layer 1 may comprise a 
a receive signal path and a transmit signal path . The receive physical ( PHY ) layer of a UE / RAN node , described in 
signal path of the FEM circuitry may include an LNA to further detail below . 
amplify received RF signals and provide the amplified FIG . 11 illustrates example interfaces of baseband cir 
received RF signals as an output ( e.g. , to the RF circuitry cuitry in accordance with some embodiments . As discussed 
1006 ) . The transmit signal path of the FEM circuitry 1008 35 above , the baseband circuitry 1004 of FIG . 10 may comprise 
may include a power amplifier ( PA ) to amplify input RF processors 1004A - 1004E and a memory 10046 utilized by 
signals ( e.g. , provided by RF circuitry 1006 ) , and one or said processors . Each of the processors 1004A - 1004E may 
more filters to generate RF signals for subsequent transmis- include a memory interface , 1104A - 1104E , respectively , to 
sion ( e.g. , by one or more of the one or more antennas 1010 ) . send / receive data to / from the memory 1004G . 

In some embodiments , the PMC 1012 may manage power 40 The baseband circuitry 1004 may further include one or 
provided to the baseband circuitry 1004. In particular , the more interfaces to communicatively couple to other circuit 
PMC 1012 may control power - source selection , voltage ries / devices , such as a memory interface 1112 ( e.g. , an 
scaling , battery charging , or DC - to - DC conversion . The interface to send / receive data to / from memory external to 
PMC 1012 may often be included when the device 1000 is the baseband circuitry 1004 ) , an application circuitry inter 
capable of being powered by a battery , for example , when 45 face 1114 ( e.g. , an interface to send / receive data to / from the 
the device is included in a UE . The PMC 1012 may increase application circuitry 1002 of FIG . 10 ) , an RF circuitry 
the power conversion efficiency while providing desirable interface 1116 ( e.g. , an interface to send / receive data to / from 
implementation size and heat dissipation characteristics . RF circuitry 1006 of FIG . 10 ) , a wireless hardware connec 

While FIG . 10 shows the PMC 1012 coupled only with tivity interface 1118 ( e.g. , an interface to send / receive data 
the baseband circuitry 1004. However , in other embodi- 50 to / from Near Field Communication ( NFC ) components , 
ments , the PMC 13 12 may be additionally or alternatively Bluetooth® components ( e.g. , Bluetooth® Low Energy ) , 
coupled with , and perform similar power management Wi - Fi® components , and other communication compo 
operations for , other components such as , but not limited to , nents ) , and a power management interface 1120 ( e.g. , an 
application circuitry 1002 , RF circuitry 1006 , or FEM 1008 . interface to send / receive power or control signals to / from 

In some embodiments , the PMC 1012 may control , or 55 the PMC 1012 . 
otherwise be part of , various power saving mechanisms of While the invention has been illustrated , and described 
the device 1000. For example , if the device 1000 is in an with respect to one or more implementations , alterations 
RRC_Connected state , where it is still connected to the RAN and / or modifications may be made to the illustrated 
node as it expects to receive traffic shortly , then it may enter examples without departing from the spirit and scope of the 
a state known as Discontinuous Reception Mode ( DRX ) 60 appended claims . In particular regard to the various func 
after a period of inactivity . During this state , the device 1000 tions performed by the above described components or 
may power down for brief intervals of time and thus save structures ( assemblies , devices , circuits , systems , etc. ) , the 
power . terms ( including a reference to a “ means ” ) used to describe 

If there is no data traffic activity for an extended period of such components are intended to correspond , unless other 
time , then the device 1000 may transition off to an RRC_Idle 65 wise indicated , to any component or structure which per 
state , where it disconnects from the network and does not forms the specified function of the described component 
perform operations such as channel quality feedback , han- ( e.g. , that is functionally equivalent ) , even though not struc 
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turally equivalent to the disclosed structure which performs mapped , based on an indication provided within a PDSCH 
the function in the herein illustrated exemplary implemen- rate matching indicator signal ; and a radio frequency ( RF ) 
tations of the invention . interface , configured to provide the generated PDSCH 

Various illustrative logics , logical blocks , modules , and dynamic rate matching resource set configuration signal , to 
circuits described in connection with aspects disclosed 5 an RF circuitry , in order to subsequently provide the PDSCH 
herein can be implemented or performed with a general dynamic rate matching resource set configuration signal to a purpose processor , a digital signal processor ( DSP ) , an user equipment ( UE ) , in order to enable the UE to identify application specific integrated circuit ( ASIC ) , a field pro the one or more overlap resource sets . grammable gate array ( FPGA ) or other programmable logic Example 2 is an apparatus , including the subject matter of device , discrete gate or transistor logic , discrete hardware 10 example 1 , wherein the processing circuit is further config components , or any combination thereof designed to per 
form functions described herein . A general - purpose proces ured to generate the PDSCH rate matching indicator signal 
sor can be a microprocessor , but , in the alternative , processor comprising information on a set of overlap resource sets 
can be any conventional processor , controller , microcon within the one or more overlap resource sets on which the 
troller , or state machine . overlapping PDSCH may be mapped ; and provide the 

The above description of illustrated embodiments of the generated PDSCH rate matching indicator signal to the UE . 
subject disclosure , including what is described in the Example 3 is an apparatus , including the subject matter of 
Abstract , is not intended to be exhaustive or to limit the examples 1-2 , including or omitting elements , wherein the 
disclosed embodiments to the precise forms disclosed . processing circuit is further configured to generate a rate 
While specific embodiments and examples are described 20 matched resource set configuration signal comprising infor 
herein for illustrative purposes , various modifications are mation on a plurality of rate - matched resource sets , wherein 
possible that are considered within the scope of such each of the plurality of rate - matched resource sets comprises 
embodiments and examples , as those skilled in the relevant time - frequency resources on which any overlapping PDSCH 
art can recognize . may not be mapped ; and provide the generated rate - matched 

In this regard , while the disclosed subject matter has been 25 resource set configuration signal to the UE . 
described in connection with various embodiments and Example 4 is an apparatus , including the subject matter of 
corresponding Figures , where applicable , it is to be under- examples 1-3 , including or omitting elements , wherein the 
stood that other similar embodiments can be used or modi- one or more overlap resource sets comprised within the 
fications and additions can be made to the described embodi- PDSCH dynamic rate matching resource set configuration 
ments for performing the same , similar , alternative , or 30 signal is a subset of the plurality of rate - matched resource 
substitute function of the disclosed subject matter without sets comprised within the rate - matched resource set con 
deviating therefrom . Therefore , the disclosed subject matter figuration signal . 
should not be limited to any single embodiment described Example 5 is an apparatus , including the subject matter of 
herein , but rather should be construed in breadth and scope examples 1-4 , including or omitting elements , wherein the 
in accordance with the appended claims below . 35 one or more overlap resource sets comprised within the 

In particular regard to the various functions performed by PDSCH dynamic rate matching resource set configuration 
the above described components ( assemblies , devices , cir- signal comprises one or more control resource sets ( CORE 
cuits , systems , etc. ) , the terms ( including a reference to a SETs ) that are configured to the UE . 
“ means ” ) used to describe such components are intended to Example 6 is an apparatus , including the subject matter of 
correspond , unless otherwise indicated , to any component or 40 examples 1-5 , including or omitting elements , wherein the 
structure which performs the specified function of the plurality of rate - matched resource sets comprised within the 
described component ( e.g. , that is functionally equivalent ) , rate - matched resource set configuration signal comprises 
even though not structurally equivalent to the disclosed one or more control resource sets ( CORESETs ) that are 
structure which performs the function in the herein illus- configured to the UE . 
trated exemplary implementations of the disclosure . In addi- 45 Example 7 is an apparatus , including the subject matter of 
tion , while a particular feature may have been disclosed with examples 1-6 , including or omitting elements , wherein the 
respect to only one of several implementations , such feature PDSCH rate matching indicator signal comprises a UE 
may be combined with one or more other features of the specific downlink control information ( DCI ) associated with 
other implementations as may be desired and advantageous the UE . 
for any given or particular application . Example 8 is an apparatus , including the subject matter of 

Examples can include subject matter such as a method , examples 1-7 , including or omitting elements , wherein the 
means for performing acts or blocks of the method , at least one or more CORESETs configured to the UE comprises one 
one machine - readable medium including instructions that , or more CORESETs for physical downlink control channel 
when performed by a machine cause the machine to perform ( PDCCH ) monitoring associated with one or more respec 
acts of the method or of an apparatus or system for concur- 55 tive transmission - reception points ( TRPs ) . 
rent communication using multiple communication tech- Example 9 is an apparatus , including the subject matter of 
nologies according to embodiments and examples described examples 1-8 , including or omitting elements , wherein , 
herein . when the one or more overlap resource sets comprised in the 

Example 1 is an apparatus configured to be employed in PDSCH dynamic rate matching resource set configuration 
a next generation Node B ( gNodeB ) associated with a new 60 signal comprises a CORESET configured to the UE com 
radio ( NR ) communication system , comprising a processing prising a plurality of scheduled PDCCHs carrying a respec 
circuit configured to generate a physical downlink shared tive plurality of Das from a plurality of different transmis 
channel ( PDSCH ) dynamic rate matching resource set con- sion - reception points ( TRPs ) , the PDSCH rate matching 
figuration signal comprising information on one or more indicator signal associated with the corresponding scheduled 
overlap resource sets , wherein each of the one or more 65 PDCCHs is configured to provide an indication that the 
overlap resource sets comprises time - frequency resources PDSCH may not be mapped to resources associated with the 
on which any overlapping PDSCH may or may not be entire CORESET . 
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Example 10 is an apparatus , including the subject matter the one or more overlap resource sets on which the over 
of examples 1-9 , including or omitting elements , when the lapping PDSCH may be mapped , in order to identify the set 
UE is configured with one or more downlink ( DL ) band- of overlap resource sets on which any overlapping PDSCH 
width parts ( BWPs ) , the PDSCH dynamic rate matching may be mapped . 
resource set configuration signal and the rate - matched 5 Example 18 is an apparatus , including the subject matter 
resource set configuration signal are separately indicated to of examples 16-17 , including or omitting elements , wherein the UE for each of the one or more DL BWPs configured to the processing circuit is further configured to process a 
the UE . rate - matched resource set configuration signal , received Example 11 is an apparatus , including the subject matter from the gNodeB via the RF interface , wherein the rate of examples 1-10 , including or omitting elements , wherein 10 
the PDSCH dynamic rate matching resource set configura matched resource set configuration signal comprises infor 
tion signal and the rate - matched resource set configuration mation on a plurality of rate - matched resource sets , wherein 

each of the plurality of rate - matched resource sets comprises signal comprises information of contiguous or non - contigu 
ous physical resource blocks ( PRBs ) of the associated time - frequency resources on which any overlapping PDSCH 
resource sets , in order to indicate the frequency - domain 15 may not be mapped , in order to identify the plurality of 
granularity of the associated resource sets . rate - matched resource sets . 

Example 12 is an apparatus , including the subject matter Example 19 is an apparatus , including the subject matter 
of examples 1-11 , including or omitting elements , wherein of examples 16-18 , including or omitting elements , wherein 
the PDSCH dynamic rate matching resource set configura- the one or more overlap resource sets comprised within the 
tion signal and the rate - matched resource set configuration 20 PDSCH dynamic rate matching resource set configuration 
signal comprises a bitmap of symbol indices of the associ- signal is a subset of the plurality of rate - matched resource 
ated resource sets , in order to indicate the time - domain sets comprised within the rate - matched resource set con 
granularity of the associated resource sets . figuration signal . 

Example 13 is an apparatus , including the subject matter Example 20 is an apparatus , including the subject matter 
of examples 1-12 , including or omitting elements , wherein 25 of examples 16-19 , including or omitting elements , wherein , 
the resource sets associated with the PDSCH dynamic rate when a CORESET configured to the UE is included within 
matching resource set configuration signal and the rate- the one or more overlap resource sets of the PDSCH 
matched resource set configuration signal are configured dynamic rate matching resource set configuration signal and 
with an associated periodicity , wherein the associated peri- the PDSCH rate matching indicator signal comprises an 
odicity comprises one or more of periodicities in multiples 30 indication that an overlapping PDSCH may be mapped to 
of slots or symbols , or periodicities associated with the resources associated with the UE's own CORESET , the 
configuration of CORESETs . processing circuit is configured to assume that the overlap 

Example 14 is an apparatus , including the subject matter ping PDSCH may be mapped to resources associated with 
of examples 1-13 , including or omitting elements . The the UE's own CORESET , except the resources of a physical 
apparatus of claim 1 , wherein the PDSCH dynamic rate 35 downlink control channel ( PDCCH ) carrying the scheduling 
matching resource set configuration signal comprises a DCI for the overlapping PDSCH within the CORESET . 
UE - specific radio resource control ( RRC ) signal . Example 21 is an apparatus configured to be employed in 

Example 15 is an apparatus , including the subject matter a next generation Node B ( gNodeB ) associated with a new 
of examples 1-14 , including or omitting elements , wherein radio ( NR ) communication system , comprising a processing 
the rate - matched resource set configuration signal comprises 40 circuit configured to configure a shortened physical down 
a UE - specific radio resource control ( RRC ) signal or a link control channel ( SPDCCH ) resource set comprising a 
cell - specific RRC signal , wherein the cell - specific RRC plurality of time - frequency resources , wherein the plurality 
signal may include one or more of Remaining Minimum of time - frequency resources is grouped into a plurality of 
System Information ( RMSI ) and Other System Information short resource element groups ( SREGs ) and wherein each of 
( OSI ) . 45 the plurality of SREGs is identified by a corresponding 
Example 16 is an apparatus configured to be employed in SREG number ; configure a plurality of shortened control 

a user equipment ( UE ) associated with a new radio ( NR ) channel elements ( SCCEs ) identified by a respective plural 
communication system , comprising a radio frequency ( RF ) ity of SCCE numbers within the SPDCCH resource set , each 
interface , configured to receive a physical downlink shared SCCE comprising a set of SREGs of the plurality of SREGS , 
channel ( PDSCH ) dynamic rate matching resource set con- 50 based on grouping the plurality of SREGs by utilizing an 
figuration signal , from a next generation Node B ( gNodeB ) information of the resource signal type associated with the 
associated therewith , wherein the PDSCH dynamic rate SPDCCH resource set , in accordance with a predefined 
matching resource set configuration signal comprises infor- SCCE relation ; and configure one or more SPDCCH can 
mation on one or more overlap resource sets , wherein each didates within the SPDCCH resource set , each SPDCCH 
of the one or more overlap resource sets comprises time- 55 candidate comprising one or more SCCEs of the plurality of 
frequency resources on which any overlapping PDSCH may SCCEs , based on an information of the resource signal type 
or may not be mapped , based on an indication provided and an aggregation level associated with the SPDCCH 
within a PDSCH rate matching indicator signal ; and a resource set , in accordance with a predefined SPDCCH 
processing circuit configured to process the PDSCH candidate relation , wherein the one or more SPDCCH can 
dynamic rate matching resource set configuration signal , in 60 didates are to be utilized by the gNodeB to transmit down 
order to identify the one or more overlap resource sets . link control information ( DCI ) to a user equipment ( UE ) 

Example 17 is an apparatus , including the subject matter associated therewith for shortened transmission time inter 
of example 16 , wherein the processing circuit is further val ( STTI ) operations . 
configured to process the PDSCH rate matching indicator Example 22 is an apparatus , including the subject matter 
signal , received from the gNodeB via the RF interface , 65 of example 21 , wherein a number of SREGs within the set 
wherein the PDSCH rate matching indicator signal com- of SREGs associated with each SCCE , NREG is a 
prises information on a set of overlap resource sets within function of the resource signal type associated with the 

a 
SCCE 



a 

REG 

10 NREG SCCE 

bols , NREG SC'CE 

SCCE_ bols , NREG 
NREG 

9 

SCCE 

2 

US 11,432,278 B2 
39 40 

SPDCCH resource set or a number of symbols associated Example 30 is an apparatus , including the subject matter 
with the SPDCCH resource set or both . of examples 27-29 , including or omitting elements , wherein 

Example 23 is an apparatus , including the subject matter a number of SREGs within the set of SREGs associated with 
of examples 21-22 , including or omitting elements , wherein each of the one or more SCCEs , NREGSCCE , is a function of 

SCCE = 4 , for cell specific reference signal ( CRS ) based 5 the resource signal type associated with the SPDCCH 
SPDCCH transmission and for demodulation reference sig- resource set or a number of symbols associated with the 
nal ( DMRS ) based SPDCCH transmission when the SPDCCH resource set or both . 
SPDCCH resource set spans 2 symbols . Example 31 is an apparatus , including the subject matter 
Example 24 is an apparatus , including the subject matter of examples 27-30 , including or omitting elements , wherein 

of examples 21-23 , including or omitting elements , wherein , F = 4 , for cell specific reference signal ( CRS ) based 
SPDCCH transmission and for demodulation reference sig for demodulation reference signal ( DMRS ) based SPDCCH 

transmission when the SPDCCH resource set spans 3 sym nal ( DMRS ) based SPDCCH transmission when the 
SPDCCH resource set spans 2 symbols . = 3 , when SREG bundling is not applied , and Example 32 is an apparatus , including the subject matter NREGSOCE = 6 , when SREG bundling is applied . 15 of examples 27-31 , including or omitting elements , wherein , Example 25 is an apparatus , including the subject matter for demodulation reference signal ( DMRS ) based SPDCCH of examples 21-24 , including or omitting elements , wherein , transmission when the SPDCCH resource set spans 3 sym 

for demodulation reference signal ( DMRS ) based SPDCCH E = 3 , when SREG bundling is not applied , and 
transmission , the plurality of SREGs are numbered from E = 6 , when SREG bundling is applied . 
0 - NSREG - 1 , in an increasing order of first time and then 20 Example 33 is an apparatus , including the subject matter 
frequency , and for cell specific reference signal ( CRS ) based of examples 27-32 , including or omitting elements , wherein 
SPDCCH transmission , the plurality of SREGs are num- the processing circuit is further configured to receive the 
bered from 0 – NSREG - 1 , in an increasing order of first DCI on a select SPDCCH candidate of the one or more 
frequency and then time , wherein the NSREG comprises a SPDCCH candidates from the gNodeB , via an RF interface , 
number of SREGs within the SPDCCH resource set . 25 wherein the DCI is mapped to the select SPDCCH candidate 

Example 26 is an apparatus , including the subject matter in an increasing order of first the SCCE number and then the 
of examples 21-25 , including or omitting elements , wherein SREG number ; and process the DCI , in order to decode 
the processing circuit is further configured to generate the information associated with the DCI . 
DCI and map the DCI to a select SPDCCH candidate of the Various illustrative logics , logical blocks , modules , and 
one or more SPDCCH candidates , wherein the DCI is 30 circuits described in connection with aspects disclosed 
mapped to the select SPDCCH candidate in an increasing herein can be implemented or performed with a general 
order of first the SCCE number and then the SREG number ; purpose processor , a digital signal processor ( DSP ) , an 
and provide the generated DCI to a radio frequency ( RF ) application specific integrated circuit ( ASIC ) , a field pro 
circuitry , via an RF interface , for subsequent transmission to grammable gate array ( FPGA ) or other programmable logic 
the UE . 35 device , discrete gate or transistor logic , discrete hardware 

Example 27 is an apparatus configured to be employed in components , or any combination thereof designed to per 
a user equipment ( UE ) associated with a new radio ( NR ) form functions described herein . A general - purpose proces 
communication system , comprising a processing circuit sor can be a microprocessor , but , in the alternative , processor 
configured to determine one or more shortened physical can be any conventional processor , controller , microcon 
downlink control channel ( SPDCCH ) candidates to be uti- 40 troller , or state machine . 
lized by the UE to receive a downlink control information The above description of illustrated embodiments of the 
( DCI ) from a next generation Node B ( gNodeB ) associated subject disclosure , including what is described in the 
therewith for shortened transmission time interval ( STTI ) Abstract , is not intended to be exhaustive or to limit the 
operations , based on an information of an aggregation level disclosed embodiments to the precise forms disclosed . 
of an associated SPDCCH resource set ; determine one or 45 While specific embodiments and examples are described 
more shortened control channel elements ( SCCEs ) associ- herein for illustrative purposes , various modifications are 
ated with each of the one or more SPDCCH candidates , possible that are considered within the scope of such 
based on an information of a reference signal type and the embodiments and examples , as those skilled in the relevant 
aggregation level of the associated SPDCCH resource set , in art can recognize . 
accordance with a predefined SPDCCH candidate relation ; 50 In this regard , while the disclosed subject matter has been 
and determine a set of shortened resource element groups described in connection with various embodiments and 
( SREGS ) associated with each of the one or more SCCEs corresponding Figures , where applicable , it is to be under 
associated with the one or more SPDCCH candidates , based stood that other similar embodiments can be used or modi 
on an information of the reference signal type the associated fications and additions can be made to the described embodi 
SPDCCH resource set , in accordance with a predefined 55 ments for performing the same , similar , alternative , or 
SCCE relation , in order to enable the UE to monitor the one substitute function of the disclosed subject matter without 
or more SPDCCH candidates to receive the DCI . deviating therefrom . Therefore , the disclosed subject matter 

Example 28 is an apparatus , including the subject matter should not be limited to any single embodiment described 
of example 27 , wherein determining the one or more SCCES herein , but rather should be construed in breadth and scope 
associated with each of the one or more SPDCCH candi- 60 in accordance with the appended claims below . 
dates comprises determining one or more SCCE numbers What is claimed is : 
that respectively identifies the one or more SCCES . 1. An apparatus configured to be employed in a base 

Example 29 is an apparatus , including the subject matter station ( BS ) associated with a wireless communication sys 
of examples 27-28 , including or omitting elements , wherein tem , comprising : 
determining the set of SREGs associated with each of the 65 a processing circuit configured to : 
one or more SCCEs comprises determining a set of SREG generate a first radio resource control ( RRC ) signal 
numbers that respectively identifies the set of SREGs . comprising information on a plurality of rate 
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matched resource sets , wherein each rate - matched a radio frequency ( RF ) circuitry configured to : 
resource set of the plurality of rate - matched resource receive a first radio resource control ( RRC ) signal from 
sets comprises time - frequency resources on which a base station ( BS ) associated therewith , wherein the 
any overlapping physical downlink shared channel first RRC signal comprises information on a plurality 
( PDSCH ) may not be mapped ; and of rate - matched resource sets , wherein each of the 

plurality of rate - matched resource sets comprises generate a second RRC signal comprising information time - frequency resources on which any overlapping on one or more overlap resource sets , wherein each physical downlink shared channel ( PDSCH ) may not of the one or more overlap resource sets comprises be mapped 
time - frequency resources on which any overlapping receive a second RRC signal from the BS , wherein the 
physical downlink shared channel ( PDSCH ) may be second RRC signal comprises information on one or 
dynamically mapped , based on an indication pro more overlap resource sets , wherein each of the one 
vided by layer 1 signaling ; or more overlap resource sets comprises time - fre 

wherein the first RRC signal and the second RRC quency resources on which any overlapping PDSCH 
signal comprises a bitmap of symbol indices , in may or may not be mapped , based on an indication 
order to indicate time - domain granularity of associ provided within layer 1 signaling ; 

wherein the first RRC signal and the second RRC ated resource sets ; and signal comprises a bitmap of symbol indices , in a radio frequency ( RF ) circuitry configured to provide the order to indicate time - domain granularity of associ first RRC signal and the second RRC signal to a user ated resource sets ; and 
equipment ( UE ) . a processing circuit configured to process the first RRC 

2. The apparatus of claim 1 , wherein the one or more signal and the second RRC signal , in order to identify 
overlap resource sets comprised within the second RRC the plurality of rate - matched resource sets and the one 
signal is a subset of the plurality of rate - matched re or more overlap resource sets . 
sets comprised within the first RRC signal . 8. The apparatus of claim 7 , wherein the one or more 

3. The apparatus of claim 1 , wherein the one or more 25 overlap resource sets comprised within the second RRC 
overlap resource sets comprised within the second RRC signal is a subset of the plurality of rate - matched resource 

sets comprised within the first RRC signal . signal comprises one or more control resource sets ( CORE 9. The apparatus of claim 7 , wherein the one or more SETs ) that are configured to the UE . overlap resource sets comprised within the second RRC 
4. The apparatus of claim 1 , wherein the plurality of signal comprises one or more control resource sets ( CORE 

rate - matched resource sets comprised within the first RRC SETs ) that are configured to the UE . 
signal comprises one or more control resource sets ( CORE- 10. The apparatus of claim 7 , wherein the plurality of 
SETs ) that are configured to the UE . rate - matched resource sets comprised within the first RRC 

5. The apparatus of claim 1 , wherein the first RRC signal signal comprises one or more control resource sets ( CORE 
and the second RRC signal comprises information of con SETs ) that are configured to the UE . 
tiguous or non - contiguous physical resource blocks ( PRBs ) 11. The apparatus of claim 7 , wherein the first RRC signal 
of the associated resource sets , in order to indicate fre and the second RRC signal comprises information of con 
quency - domain granularity of the associated resource sets . tiguous or non - contiguous physical resource blocks ( PRBs ) 

6. The apparatus of claim 1 , wherein the resource sets of the associated resource sets , in order to indicate fre 
associated with the first RRC signal and the second RRC quency - domain granularity of the associated resource sets . 
signal are configured with an associated periodicity , wherein 12. The apparatus of claim 7 , wherein the resource sets 
the associated periodicity comprises periodicities in mul associated with the first RRC signal and the second RRC 
tiples of slots . signal are configured with an associated periodicity , wherein 

7. An apparatus configured to be employed in a user the associated periodicity comprises periodicities in mul 
equipment ( UE ) associated with a wireless communication tiples of slots . 
system , comprising : 
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